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Executive Summary 
Three i s s u e s  are c urren t l y  be i ng  addre s s ed wi th respect  to the  Lake 
On tari o ecosys tem : eutroph i cati on , contami nati on by tox i c s ub s tances  and  
fi s heri es  management . Th i s report rev i ews our present  know l ed�e and  
u nders tand i ng of Lake Ontari o wi th i n  the  context of the  f i r st  two i s s u e s . 
A l though the  report focu s es on i nten s i ve  s tud i e s  c arr i ed out dur i ng  1 98 1 -82 , 
i t  re l i es h eavi l y  on work from 1 967 to 1 985 . 
The control of eutroph i cati on , or over-ferti l i zat i on , of Lake Ontari o has  
l arge l y  been  .a s u c c e s s  s tory . Reduct i on of phos phates  i n  l aundry detergents  
i n  the  ear l y  1 970s , comb i n ed wi th  the  b u i l d i ng and upgrad i n g  of  mun i c i pa l  
s ewage treatment p l an t s  i n  t h e  l as t  decade , have res u l ted i n  a >50� reduct i on 
of phosphoru s l oad i ng to the  l ake . In 1 9e3 and 1 985 , annua l  l oads  were 
reported wi th i n  ±500 tonn�s of the  target l oad of 7 , 000 ton n e s  of phosphoru s 
per year . Phosphorus l ev e l s wi th i n the  l ake , mea s u red dur i ng  the  spr i ng , 
averaged 1 0 . 7 �g/ L  i n  1 985 , compared to a t arget conc entrat i on of 1 0· �g/ L 
i n  the  offshore waters . Wh i l e  there has  been  no s i g n i fi cant  corresporid i ng 
reduct i on i n  the  quan t i ty of a l gae i n  the  offs hore waters a s  a resu l t  of the  
decrease  of phos phoru s ,  there have been s h i fts  to more  d e s i rab l e s p e c i e s , away 
from type s  that form n u i sance  b l ooms to those  that s erve a s  a b etter food 
source for the  b i ot i c commun i ty .  
Spec i fi c  areas i n  the  nearshore waters o f  Lake Ontari o conti nue  to exh i b i t 
some adverse  s i gn s  of water qua l i ty degradati on d u e  to conti nued phos phoru s 
i nputs : pri mari l y  harbors ( Toronto , Hami l ton , Roc he ster , Oswego)  and  
s hore l i n e s  adj acent  to l arge urban centre s . I n  the se  areas , exc e s s i ve  growths  
of  C l adophora occur  wh i c h , on occas i on ,  was h  as hore to form l arge , odourou s 
mats . Neverthe l e s s , the  extent and frequency of beach  accumu l ati on has  
d e c l i n ed over the l as t  decade . Ev i dence  a l so s uggests  that sma l l dec reas es  i n  
n ears hore phos phoru s concentrat i ons  shou l d ,  i n  the  future , e l i c i t  
proport i ona l l y  greater dec l i ne s  i n  the  growth of th i s n u i sance  a l gae , s i n c e  
t i s s ue  phosphorus l ev e l s were l ow enough i n  1 982-83 to l i mi t growth . 
The  i s s u e  of con tami nat i on by toxi c s ub s tances  i n  Lake Ontari o i s  
con s i derab l y  more comp l i cated than that of eutroph i cat i on . Su c c e s s  has  b een 
ach i eved i n  some areas , but not i n  others . Res i d ua l  quant i t i es  of some 
pers i s tent toxi c s u b s tances  i n  gu l l egg s , part i c u l ar l y  mi rex , PCBs and  
pest i c i des  s u c h  as  DDT , have s hown dramat i c dec l i n e s  s i n c e  contro l  meas ures 
were i mp l emented i n  the  l ate 1 960s and ear l y  1 970s . In recent years , howeve r ,  
these  dec l i n es  appear t o  have stabi l i zed . Duri ng th i s earl i er peri od , DDE ( a  
b reakdown produ c t  o f  DDT) was found  to c au s e  eggs h e l l th i n n i ng i n  b i rd s , wh i ch 
l ed to mas s i ve dec l i n e s  i n  the  reproduct i ve  s u c c e s s  of herr i ng  gu l l s  and  
cormorants  i n  Lake Ontari o .  Today , due  to the  bann i ng  of DDT as  we l l as  other 
per s i stent  contami nan t s , reprod u ct i ve  s u c c e s s  has returned to norma l . 
While contaminant concentrations in fish have shown similar declines, 
1eve1s in sport fish continue to exceed consumption guidelines. An nual 
mon i tori ng  programs conduc ted by Ontari o prov i n c i a l  and New York state 
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agen c i e s  have determi ned  that the  maj ori ty of l arge fi sh  exami ned  ( l ake trou t ,  
coho and  c h i nook s a l mon , brown trou t ,  northern p i ke )  conti nue  to exceed 
g u i d e l i n e s  for u nre s tr i c ted con s umption for one or more of the compounds  
te s ted . Th e s e  compou n d s  i n c l ude  merc ury , PCBs , DDT, mi rex and  
2 , 3 , 7 , 8-tetrac h l orod i benzo-p-d i oxi n .  
Wh i l e  s e l ect  compounds  hav� been control l ed wi th some s u c c e s s ,  s evera l 
h u n d red other syn thet i c compou n d s  have been , and conti n u e  to be , i d ent i fi ed i n  
Lake Ontari o s ed i ments  and  waters . Many of the s e  compounds exh i b i t a 
poten t i a l  to acc umu l ate th rough the food cha i n ,  s i mi l ar to PCBs and  DDT . 
Other s , l i ke po l ynu c l ear aromati c hyd rocarbon s ,  have been i mp l i cated i n  
cau s i ng tumors  i n  fi s h .  For the vast  maj ori ty of the se  compound s , the i r 
effects , sources  and  fate remai n unknown . Our abi l i ty to detect  thes e 
compou n d s  at u l tra-trace con cen trat i on s  has  far out s tr i pped our  unders tand i ng 
of them . 
Bas ed on avai l ab l e monitori ng i n format i on ,  i t  app ears that , con s i d e red as  
a poi n t  sourc e , the  N i agara Ri ver , whi ch  i nc l u de s  con tr i but i on s  from Lake 
Eri e ,  i s  the  s i ng l e l arge s t  contri butor of toxi c s u b s tances  to Lake Ontari o .  
A l though exten s i ve mea s u rements  have been mad e i n  recent  years of chemi ca l  
l oad i ng s  from the  N i agara R i ver  to  Lake Ontari o ,  there  i s  on l y  fragmentary 
i nformati on on l oad i ngs  from oth er tr i b utar i e s  and from the  n umerou s 
i nd u s tr i a l  and  mun i c i pa l  sources  around  the l ake . Where mea s u rements  of 
s e l ect  compounds  are avai l ab l e ,  they s ugge s t  that cumu l at i ve  contr i but i ons  
from tr i butari e s , and d i ffu s e  i nput s  from the  atmosphere , are  approxi mate l y  
equa l  to those  from the  N i agara Ri ver . 
I n  prepari ng th i s report , i t  became obv i ou s  that many fundamental  
q u e s t i ons  regard i ng  the fu nct i oni ng of the  Lake Ontari o ecosys tem remai n 
unan s wered . For examp l e , a l though the tota l phosphoru s l oad has  been  reduced 
to a l ev e l  approac h i ng  the  target l oad , thos e factors that control  and/or 
l i mi t a l ga l  b i omas s  and  product i v i ty ( e . g .  i s  the l ake phosphoru s l i mi ted ) 
rema i n poor l y  unders tood . Sa l mon i d s tocki ng  of the  l ake cont i n u e s  i n  
unprecedented  n umbers , yet our  knowl edge of foodweb i n te rac t i on s  i s  very 
l i mi ted . N i trate l ev e l s con t i n u e  to ri s e  s i gn i fi can t l y  i n  the  l ake , but  
l i tt l e effort has  been  made to  i d ent i fy the cau s e s  and  con s equence s  of th i s 
i n c reas e ;  the  Water Qual i ty Board has  rai sed th i s i s s u e  i n  the i r 1 985  and 1 987 
report s to the  I n ternat i ona l  Joi n t  Commi s s i on .  
The con t i n u ed l ack  of reso l ut i on of thes e pres s i ng i s s u e s  appeared to have 
been d u e  to an overa l l l ack of coord i nati on between , and the i n tegrat i on of 
the mu l t i tude  of mon i tori ng and res earch acti v i t i e s carri ed out on the l ake by 
vari ous  i n s t i tut i on s  and  j u ri s d i c t i ons . The con cept of an ecosys tems approach 
to l ake management was wi l l i ng l y  embrac ed , yet even the mo st  bas i c conceptual  
mod e l  to gu i d e  us  i n  our efforts  was  l acki ng . Con s equen t l y ,  vast  i n formati on 
gaps con t i nued  to pers i s t  d e s p i te years of s tudy .  The data col l ect i on 
ac t i v i t i e s d i s c u s s e d  i n  th i s report general l y  predate the 1 986 update of the 
Great Lakes  I nternat i ona l Surv e i l l ance  P l an whi ch , i n  recogn i t i on of th i s 
prob l em ,  has  e s tab l i s h ed a framework for a more coord i nated and  i n tegrated 
approac h to the  d i vers e s u rv e i l l ance , mon i tori ng and res earch act i v i t i e s 
i dent i fi ed . Th e s e  effort s towards  i mproved coord i nati on and i n tegrati on of 
the p l an n i ng  and i mp l ementati on of acti v i t i e s mu s t  be contin ued and s u pported 
by management i n  order to mi n i mi ze i n format i on gaps and mdximi ze the  
u s e fu l n e s s  of the  col l ected data . 
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1 Conclusions and Recommendations 
EUTROPH ICATION 
Phosphoru s Load Red u c t i ons  
Load i ng of tota l phosphoru s ( total  P )  to  Lake Ontari o was  reduced  from a 
prev i ou s  h i gh of 1 5 , 000 t /a  i n  the  l ate  1 960s to 6 , 600-8 , 000 t / a  i n  1 983-84 . 
Tota l P l oad s , as  reported by the I n ternati ona l  Joi n t  Commi s s i on ,  have not 
been c a l c u l ated i n  th e s ame manner  i n  wh i ch the target l oads  were determi ned . 
Target tota l  P l oads  are based on l ong-term average f l ow cond i t i on s  for the  
N i agara R i ver  and  1 97 6  f l ows for other  tr i butari e s  wi th i n the  bas i n ;  annua l  
l oads  are  computed  on th e bas i s of obs erved fl ows for that year . Di s coun t i ng 
th i s re str i c t i on , howev er , total  annua l  l oad s have been wi t h i n 500 t of the 
target l oad ( 7 , 000 t) i n  two recent years : 1 98 1  ( 7 , 437 t) and  1 983  ( 6 , 680 
t ) . Neverthe l e s s , i t  i s  not pos s i b l e to con c l ude  that the target l oad has  
been  met , d u e  to  the l ack  of  some mea s u re of var i ance  a s soc i ated wi th the  
reported annua l  l oad . W i thout th i s meas ure , .ac h i evement of the  target  l oad 
can not be  determi ned  wi th any s tati s t i c a l  confi dence . · 
There were i n con s i s ten c i e s  i n  the reported number  of mu n i c i p a l  s ewag e 
treatment  p l ant s  ( STP s )  contri but i ng to the  phosphoru s l oad . Fou r i ndependent  
s u rveys p l aced  the  n umber of STP s wi th f l ows >3 , 800 m3 / d  d i s charg i ng  to  
the Lake Ontar i o bas i n  at 6 1 , 83 , 9 1  and 96 . 
Di s c repan c i e s  i n  the  manner  by whi c h  mu n i c i pa l  contr i but i on s  to total  l ake 
l oad were c a l c u l ated were a l so ev i d ent . Depen d i ng  on whether actua l  f l ows or 
de s i gn f l ows were u s ed and on whether actua l  l oad s for STPs a l ready ach i ev i ng 
effl uent  conc e n trat i on s  < 1  .0  mg / L  were u s ed ,  the fi n a l  total  P l oad from 
mun i c i pa l  contr i but i on s  ranged from 1 , 500 to 2 , 1 30 t / a . 
The Lake Er i e-N i agara Ri ver  re s u s pen s i on l oad for 1 980 was approxi mate l y  
770 t/a or near l y  10% of the  total  l ake l oad . I t  was recog n i zed that t h i s 
re s u spen s i on l oad wou l d  be h i gh l y  vari ab l e  from year to year . I t  was fou n d  
that , a s  l ake l ev e l s i n creased ( re s u l t i ng i n  i n c reased  f l ows i n  t h e  N i agara 
R i ver ) , the re s u s p e n s i on l oad i n c reased d i sproporti onate l y .  Th i s s ugges ted 
that much of the l oad was , i n  fact , due  to eros i ona l  l os s e s  a l ong the  eastern 
bas i n s hore l i n e i n  Lake Eri e and i n  the N i agara Ri ver . S i n c e  phosphoru s 
contr i but i ons  from s hore l i n e eros i on wi th i n the l ake are exc l uded  from l oad i ng 
e s t i mate s , i t  may be appropr i ate to exc l ude  th em from N i agara R i ver  l oad i ng 
e s t i mates  as  we l l ,  s i n c e  th i s re s u s pen s i on l oad repre s e n t s  1 0% of the  target 
l oad . 
Phosphorus  contri but i ons  from Hami l ton Harbou r and  the  Bay of Qu i n te to 
the total l ake l oad s hou l d  be  adj u s t ed to refl ect  the retent i on of thes e water 
bod i e s . Percent  retent i on of phosphorus  was e s t i mated at 66% i n  1 97 9  and  1980 
for Hami l ton Harbou r ,  and averaged 23% i n  th e Bay of Qu i nte  from 1 972  to 
1 98 1 . S i mi l ar arguments  can l i ke l y  be app l i ed to th e Ki n g s ton bas i n  reg i on of 
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Lake Ontar i o .  D i s tr i b ut i on of water  qua l i ty d ata s ugge s t s  that there i s  
l i tt l e trans port from th e Ki n g s ton basfn trr the mai n �ake ; hen c e , tota l  P 
l oads  from the Bay of Qu i n te  and  th e B l ack Ri ver  wi l l  have mi n i ma l  i mpact on 
th e mai n l ake . Th e l ack  of c i rcu l at i on s tud i e s  i n  th i s reg i on ,  howev er , 
prec l ud e s  maki ng  a def i n i t i v e  s tatement  at th i s  t i me .  
Samp l i ng s trateg i e s  app l i ed to tr i butari e s  i n  New York ( i . e .  approxi mate l y  
one s amp l e per  month ) pr i or to 1 983 were i nadequate to determi ne  pho sphoru s 
l oad s . S i n c e  three New York tr i butari e s  ( the  Ge ne s e e , Oswego and  B l ack 
R i vers ) account  for approxi mat e l y  40% of the tr i butary fl ow and  30% of the 
tota l P l oad , th i s  repre s en ted a s er i ou s  shortcomi ng i n  prov i d i ng accurate 
l oad i ng e s t i mate s . Enhan ced  mon i tori ng of s e l ect  Ontar i o  tr i butari e s  changed 
l oad i ng e s t i mates  by -30 to +98% . 
Expre s s i on of Load i ngs  i n  the  Sys tem 
Av erage spr i ng  tota l P concentrat i on s  have d ec l i ned  s i gn i fi can t l y  s i nce  
1 973 , by approx i mate l y  1 . 35  �g / L • a , i n  re spon s e  to red uct i ons  i n  tota l  P 
l oad . Spri n g  tota l  P concentrat i on s  av eraged 1 0 . 7  �g / L  i n  th e offshore 
waters  i n  1 983  and  1 984 , not s i gn i fi can t l y  d i fferent from th e target 
con c entrati on of  1 0  �g / L .  Bas ed on a n  emp i ri ca l  re l at i onsh i p  between s pri ng 
total P concentrat i on and annua l  l oad s , i t  was d etermi ned  that , to ach i eve the 
target con centrat i on , annua l  l oads  of approxi mate l y  6 , 250 t have to be 
mai nta i ned  for th ree con s ecut i ve  years . Howev er , becau s e  of a l ack of any 
mea s u re of  prec i s i on as soc i ated wi th annua l  l oad e s t i mates , a red uc t i on of th e 
target l oad from 7 , 000 to 6 , 250 t / a  cou l d  not be  j u s t i fi ed .  
Average ep i l i mnet i c total  P con centrat i on s  for th e s t rat i fi ed peri od d i d 
not exh i b1t a s i gn i f i cant  decreas i ng trend from 1 9 69 to 1 982 . I n  1 969 and 
1 972 , · s ummer epi l i mnet i c tota l  P was dep l eted by up  to 7 �g / L  re l at i ve  to 
spr i n g  l ev e l s .  I n  contras t ,  s ummer epi l i mnet i c total P exc eeded spr i ng  
concentrat i ons  by  1 to 2 �g / L  i n  1 98 1  and  1 982 . It  i s  con c l uded from th e s e  
res u l t s  that anth ropogen i c l oad i ngs  o f  tota l P d ur i ng the s t rat i fi ed peri od 
have exh i b i ted compa�ati v e l y  l i tt l e red u c t i on re l ati v e  to l oad i ng s  d ur i ng  th e 
non-s trat i fi ed mon th s . 
Phos phoru s i np u t s  from the N i agara Ri ver  d u r i ng  th e s trat i f i ed peri od were 
not respon s i b l e for mai ntai n i ng s ummer epi l i mnet i c total P l ev e l s .  In fac t ,  
th e N i agara R i ver  s erved to d i l ute  s ummer epi l i mnet i c total  P l ev e l s .  Other  
sourc e s  wi th i n th e bas i n mu s t ,  th erefore , have been respon s i b l e .  
Th e total  P l oad n e c e s s ary to mai nta i n a con s tant  phosphoru s concentrati on 
i n  th e epi l i mn i on d u ri ng  th e s trati fi ed peri od was approxi mate l y  2 , 900 t / a , 
exc l u s i ve of th e N i agara R i ver  l oad . Th i s  ca l c u l at i on i s  a l mo s t  ent i re l y  
dependent  on th e mea s u red tota l P s ed i mentat i on rate of 2 . 3  mg /m2 • d . 
S i n c e  1 969 , wh en th e per i od of meas ureme nt  began , the mas s  of 
n i trate-p l u s-n i tr i te  ( N0 3 + N02 ) i n  the offshore waters  has  i n creased  at the  rate of 1 5 , 500 t / a .  D i s so l ved organ i c  n i trogen , i n  contras t ,  has  
exh i b i ted  no s i gn i fi cant  trend . 
No sys temat i c decreas i ng trend was obs erved i n  the b i ochemi ca l  e s t i mators 
of a l gal  b i omas s ( parti c u l ate organ i c  carbon , parti c u l ate organ i c  n i trogen , 
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and c h l orophyl l �)  d ur i ng  the  s trati fi ed peri od from 1 974 to 1 982 . I t  i s  
pos s i b l e that mai ntenance  of summer total P con centrat i on s  i s  respon s i b l e for 
th i s ,  a l though no d i rect  re l at i on s h i p  was obs erved . The  ab sence  of any trend 
may be  due , at l ea s t  i n  part , to a s h i ft i n  the  n i trogen-to-phos phoru s rat i o  
i n  the l ake a s  a res u l t o f  the annua l l y  i n creas i ng N0 3 + N02 l ev e l s .  
The l ake has  s h i fted from a poi n t  i n  the ear l y  1 970s where n i trogen  cou l d  be 
con s i d ered a l i mi t i ng n u tr i ent  to where i t  i s  i n  con s i derab l e s urp l u s . Th i s 
has  res u l t ed i n  a s h i ft i n  a l ga l  spec i e s  away from b l u e-green a l gae , 
part i cu l ar l y  n i trogen-fi x i ng vari eti e s . S i n ce  c h l orophyl l content  per a l gal  
c e l l i s  s tron g l y  dependent  on a l ga l  type , th i s s h i ft may have acted  to ob s c ure 
any trend  i n  c h l orophyl l .  
I n terpretat i on of l ong-term tren d s  i n  phytop l ankton by d i rect  ana l ys i s was 
hampered by the l ack of rout i n e  mon i tori ng  programs addre s s i ng th i s component 
of the  ecosys tem .  Becau s e  o f  the rath er fragmen ted data s e t  encountered , and 
becau s e  of d i fference s  between programs i n  s amp l i ng and s tati s t i c a l  treatment 
of d ata , i t  was  d i ffi c u l t to prod uce  con c l u s i v e s tatements  regard i ng tren d s  i n  
phytop l ankton i n  Lake Ontari o .  Neverth e l e s s , i t  appeared that a rather 
d ramat i c red u c t i on i n  a l ga l  b i oma s s  occ urred between 1 970 and  s u b s equent  years 
i n  wh i ch s amp l i ng occurred ( 1 975 or 1 977 , depend i ng on s amp l i ng s i t e ) . L i tt l e 
sys temat i c c hange i n  b i oma s s  occurred after th i s peri od , s i mi l ar to that 
obs erved for the  b i ochemi ca l  i nd i c ators . 
Con comi tant wi th th i s d e crease  i n  a l ga l  b i omas s  wa s a ch ange i n  a l gal  
c l as s  domi nance  d u ri ng the s trat i fi ed peri od , wi th a d e c l i n e i n  b l ue-green 
a l gae ba l anced  wi th an i n creased  domi nance  of d i atoms and d i nof l age l l ates . 
Aga i n ,  t h i s c hange occ urred pri mari l y  between 1 970 and the s u b s equent  s amp l i ng 
year ( 1 97 5  or 1 977 ) , so  i t  was u n c l ear as  to whether i t  was i nd i cat i ve  of a 
gradu a l  c hange i n  the  ear l y  1 970s or whether 1 970 i t s e l f was an anoma l ou s  year. 
No sys temat i c c hange i n  zoop l ankton commun i ty s tructure  or abundance  
occ urred between 1 967 and  1 982 . Two sma l l s pec i e s , Bosmi na l ongi ros tri s and 
Daph n i a retroc u rva , whi ch  are re l at i v e l y  i mmune to fi s h  predat i on ,  con t i n u e  to 
domi nate the  zoop l ankton commu n i ty .  I t  was con c l uded  that Lake Ontari o 
zoop l ankton commun i ty s tructure  i s  determi n ed pr i n c i pa l l y  by p l ankti vorous  
fi s h , part i c u l ar l y  the  a l ewi fe ( A l osa  pseudoharengu s )  and  has , a s  yet , 
d emons trated no sys t emati c c hange attri butab l e to the s a l mon i d s tocki ng  
program . 
On the  bas i s of convent i ona l  water qua l i ty vari ab l e s ( n utr i ents , maj or 
i on s , temperature ) ,  Lake Ontari o exh i bi t s  s i x  s tat i s t i c a l l y  d i s t i n ct  zon es  of 
water qua l i ty :  a we s t  offs hore zon e ;  an east  offs hore zone ; the  Ki ngston 
bas i n ;  and three nears hore areas , one extend i ng cou nt erc l ockwi s e  from Toronto 
to the W e l l and  Cana l , one from the N i agara R i v er to the Gen esee  R i ver , and one 
i n termed i ate  between the eas tern offshore zon e and the Ki ngs ton bas i n .  
The n ears hore zone en compas s i ng the Toronto-Hami l ton-St . Cathari ne s  
corri dor ex h i b i ted the  mo s t  degraded water qua l i ty wi th respect  to  n u tri ent 
concentrati ons . Th i s was att ri buted  to the cumu l at i v e  i mpact  of numerous  
tri bu tary and  d i rec t STP  l oad i ngs  to th i s comparati v e l y  s ha l l ow regi on of the 
l ake . For examp l e ,  the  total  STP and  tri butary l oad of phos phoru s to th i s 
zon e , between Toronto and  Hami l ton , was approx i mate l y  1 , 200 t / a . Effects  of 
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th e s e  l oad i n g s  on the  n ears hore waters were i n tens i fi ed d u e  to predomi n an t l y  
o s c i l l atory l on g s hore curren ts , whi c h  red u c ed offs hor� trans port i n  th i s area . 
On the  bas i s  of n u tri e n t  and  c h l orophyl l l ev e l s and transparency , . s even  
s p e c i fi c s i te s  ex h i b i ted evi dence  of s er i ous  eutroph i cat i on . Thes e  were 
Toronto Harbour/Humber Bay , Hami l ton Harbou r ,  Roc h e s ter  Harbor , Oswego Harbor , 
B l ack R i v e r  Bay/ Sacketts Harbor , offs hore of the We l l and  Cana l , and  the  
pas s age  l ead i ng i nto Ado l phu s  Reac h . 
Tota l  P concen trat i on trend s  i n  the  Ontari o nears hore , a s  mea s u red at 
water  i n take s , were vari ab l e ,  depend i ng on s amp l i ng l ocat i on a n d  per i od  of 
record . S i g n i fi can t l y decreas i ng trend s  were obs erved at the South Pee l , 
Cobourg and  Ki n g s ton water i ntakes from 1 967 to 1 983 . I n  con tras t ,  a 
s i gn i fi cant  i n crease  i n  con cen trat i on was obs erved at Gri msby ·  ( 1 979-83 ) ,  wh i l e  
no apparent trend  was obs erved at Toronto . 
N e i ther  N03 + N02 nor so l u b l e react i ve  s i l i ca ex h i b i ted  
s tat i s t i c a l l y  s i gn i fi cant  trend s anywh ere i n  the Ontari o n ears hore zon e over 
the  e i ght-year peri od of record , po s s i b l y  due to the  l arge s easona l  
per i od i c i ty of these  nu tri ents . 
No s i gn i fi cant  tren d s  i n  annua l  phytop l ankton d e n s i ty were obs erved at any 
of the Lake Ontari o water i n takes, even  at s i te s  where phosphorus l ev e l s 
d ecrea s ed . Howev er , phytop l ankton den s i t i e s were con s i de red on l y  a s  annua l  
av erage s ,  and  th i s may have  ob scured any  trend  that  wa s man i fe s ted on a 
s easona l  bas i s .  
Su b s tan t i a l  red u c t i ons  of app roxi mat e l y  50-60% i n  the s tand i ng  c rop of 
Cl adophora between the two s tudy per i ods  ( 1 972  and  1 982-83 ) were observed  
a l ong the  Ontari o s horel i n e .  T i s s ue  phos phoru s l ev e l s ,  a more re l i ab l e 
mea s u remen t  than s tand i ng crop , a l so ex h i b i ted a decrease  of 50-60% . Two 
i ndependent  s t ud i e s  con c l uded  that , on the bas i s of t i s s u e  phos phoru s l ev e l s ,  
amb i ent  phosphoru s concentrat i ons  i n  the Ontari o n ears hore i n  1 983  were at a 
cr i t i c a l  l ev e l , wh ere conti n u ed red u c t i ons  i n  phos phoru s wou l d  i ncreas i ng l y  
redu c e  t h e  annua l  y i e l d  o f  C l adophora . 
No comparab l e prog rams to mon i tor respon s e  of phytop l ankton or C l adophora 
to red u c t i ons  i n  phosphoru s l oad were i mp l emented  i n  the  nears hore waters  of 
New York dur i ng and /or pri or to the 1 98 1 -82 i n ten s i v e  years . 
Con centrati ons  of sod i um and c h l or i de  exh i b i ted s i gn i fi c an t l y  decreas i ng 
trend s wi th t i me ( 1 976-83)  i n  the N i agara R i ver , Lake Ontari o and  the  St . 
Lawren c e  R i v e r .  Ca l c i um exh i b i ted a s i gn i fi cant  decrease  wi th t i me i n  Lake 
Ontari o and the  St . Lawrence  R i ver . Al ka l i n i ty ,  i n  contra s t , ex h i b i ted a 
s tat i s t i c a l l y  s i g n i fi cant  i n creas i ng trend i n  t i me .  Sod i um and  c h l ori de  
ex h i b i ted the  l arge s t  wi th i n-bas i n  ( i . e .  St . Lawrence  R i ver  output mi n u s  
N i agara Ri ver  i nput )  l oad i ngs  o f  t h e  maj or i on s .  T h e  wi th i n-bas i n  l oad for 
c h l or i de  was e s t i mated at 2 . 5  x 1 06 t / a  i n  1 98 1  and 1 982 . Seventy-one 
perc ent  of th i s l oad was der i ved  from mon i tored tri butari e s , of wh i c h 65% 
ori g i nated i n  the  Oswego Ri v e r .  
Comp l i an c e  o f  Lake Ontar i o  tota l d i s so l ved  so l i d s l ev e l s wi th t h e  1 978  
Agreement obj ect i v e  of 200 mg / L  s hou l d  on l y  be a s s es s e d  by  d i rect  
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mea s u rement . The current prac t i ce  of app l yi ng one convers i on rat i o to 
s pec i fi c conductance  prod u c e s  erron eou s conc l u s i on s  of noncomp l i an c e . 
CONTAMI NATION BY TOXIC SUBSTANCES 
Load i ngs of Trace Contami nants  
The  maj ori ty of the  trac e organ i c  con tami nant  l oad i n  the  N i agara R i ver  
and other  tri butari e s  to  Lake Ontari o occurred i n  the  aqueou s phas e .  The  
maj ori ty of  the  total trace  metal  l oad i n  the  N i agara Ri ver  was  i n  the  
s u spended  s ed i men t  ( i . e .  part i c u l ate)  phas e .  In  contras t ,  the  maj ori ty of the  
ex tractab l e  frac t i on of  the trace  meta l  l oad wa s i n  the aqu eou s phas e .  I t  i s  
s ugge s ted that the extractab l e  l oad i s  more repre s e n tat i v e  of  the  b i o l og i c a l l y  
ava i l ab l e frac t i on of the  tota l l oad . Of the 68  trac e organ i c  and  1 3  trace 
meta l contami nants  mon i tored i n  the N i agara R i ver  from 1 984 to 1 986 , 24 and  
1 1 ,  respec t i v e l y ,  ex h i b i ted s i gn i fi cant ( p  <0 . 1 0 ) i n crea s e s  i n  l oad over the  
cou r s e  of the r i ver . 
Theoret i ca l  determi nati ons  of trace organ i c and  metal  con tami nant  l oad s to 
Lake Ontari o from atmospher i c  depos i t i on were s i gn i fi can t , i n  s ome c a s e s  equa l  
to  or greater than  l oad i ngs  from the N i agara R i ver . Wh i l e  the  maj ori ty of 
th i s atmospher i c l oad was attri butab l e to wet depos i t i on ,  the re l at i v e  ro l e  of  
dry depos i t i on remai n s  poor l y  unders tood . Ev i dence  s ugge s t s  that  
vo l at i l i zat i on l os s e s  of trace  organ i c contami nants  from Lake Ontari o 
approx i mate l y  ba l an c e  the gro s s  atmospher i c l oad of many of the se  compou n d s . 
On the bas i s of avai l ab l e dat a ,  i t  wa s determi ned  that l oad i ngs  of 
mangane s e ,  c h romi um , zi n c , l ead and copper from Lake Ontari o tri bu tari e s  i n  
1 980-83 were wi th i n the same order of magn i tude  as  that contri buted  by the  
N i agara Ri ver . Howev er , there  i s  con s i derab l e u nc ertai nty as s o c i ated wi th 
these tri butary data . The maj ori ty of trace con tami nant  d ata for tri bu tari e s  
other  than  the  N i agara R i ver  was  u n i n terpreted a s  of 1985 , parti c u l arl y for 
New York tri butari e s . On the other hand , becau s e  h i gh detect i on l i mi t s  were 
emp l oyed i n  mos t  tri butary mon i tori ng programs , t he se  data may prov e to be of 
l i mi ted ut i l i ty .  
Expres s i on o f  Load i ngs 
Mean con centrat i on s  of trace me tal s i n  offs hore waters  were l e s s  than the 
obj ec t i v e s  g i ven  i n  the 1978 Agreement . Lev e l s of  i ron and  cadmi um , howev e r ,  
exceeded thei r obj ec t i ve s  a t  s pe c i fi c nears hore s i te s . On t h e  bas i s of  the 
tox i c u n i t concept re commended  by the  Aquati c Ecosy s tem Obj ec t i ve s  Commi ttee 
of  the  Sc i ence  Adv i sory Board , l ev e l s of trace meta l s i n  the  waters  of Lake 
Ontari o were at l ev e l s that may potent i a l l y  i mpac t aquat i c b i ota . 
N umerou s trace organ i c s  were encoun tered i n  the  open l ake at 
concentrat i on s  abov e rou t i n e l y  avai l ab l e  det ect i on l i mi t s  ( 0 . 0 1 n g / L .  Based  
on the s pati a l  d i s tri bu t i on of these  compound s , numero u s  source  areas , be s i de s  
t h e  N i agara R i ver , were i d ent i fi ed as  hav i ng probab l e  i mpact  on Lake On tari o .  
These  i n c l uded  the Toron to area waters hed , Hami l ton Harbour , B l ack R i v e r ,  the 
He l l and  Cana l  and  some south  s hore tri butari e s , i n c l u d i ng  Oak Orchard and 
W i l s on Creeks . Oth er l e s s er sources  were the Gen e s e e  R i ver , Oswego R i v e r , ·  
Ki n g s ton , Bri ghton , Cobou rg , Oshawa a n d  Wh i tby .  Tota l  PCBs was t h e  on l y  
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organ i c  contami nant to exceed  i t s i mp l i ed Agreement obj ect i v e  of 1 n g/ L .  
Numerous  other  organ i c s , howev er , exh i b i ted  max i mum concentrat i on s  a t  9-63% of 
the i r respect i v e  obj ect i v e s . 
Bas ed on s e d i ment , forage fi s h  and  Cl adophora data , PCB and l ead 
contami nati on was h i ghest  i n  H umber Bay . Bas ed on l ev e l s i n  the  water co l umn 
and  ri ver  s ed i ment s , PCB con tami nat i on may be a more s er i ous  prob l em i n  B l ack 
Ri ver  Bay ; i n ten s i v e  s tud i e s  u nd ertaken s u b s equent  to 1 984 s hou l d  prov i d e  a 
more d efi n i t i v e s tatement . I nput  from the  B l ack Ri v e r ,  New York was the  more 
l i ke l y  source  of PCB s  found  i n  s ed i ments  a l ong the  Ontari o s hore l i ne i n  the 
Ki ng ston bas i n ,  the  h i ghest  l ev e l s obs erved i n  the  Lake Ontari o nearshore 
s ed i ments . 
Many watershed  s tu d i e s , part i c u l ar l y  i n  the  Toronto area and  Hami l ton , 
conti n u ed to focu s  on  trad i t i ona l  ( i . e .  h i s tori ca l ) organ i c  contami nant  
prob l ems , parti c u l ar l y organoch l ori n e  pe st i c i d e s . Stud i e s  on the  W e l l and  
Ri v e r ,  W e l l and  Can a l  and  Twe l ve Mi l e  Creek , however , demons trated that 
s i gn i f i cant  i mpacts  wi th i n  the  waters hed wou l d  more l i ke l y  re s u l t from 
i nd u s try-re l ated  compound s . 
Quan t i fi c ati on of s ed i ment contami nant  l ev e l s i n  depos i t i on a l  bas i n s , 
other than  i n  the  i mmed i ate v i c i n i ty of the  N i agara Ri v e r ,  was v ery poor . 
Bas e d  on avai l ab l e i n formati on , i t  cou l d not be  con c l uded  that there were 
s i gn i f i cant  d i fferen c e s  i n  s e d i ment trace metal  concentrat i on s  between 
depos i t i on a l  b a s i n s , Ontar i o n ears hore zon e s  and many harbour and  embayment  
areas . Sed i ment trace metal  concentrat i o n s  i n  the  depos i t i on a l  bas i n s  of Lake 
Ontar i o exh i b i ted max i mum l ev e l s i n  exce s s  of the dredge d i sposa l  gu i d e l i ne s  
of t h e  Ontar i o Mi n i s try of  t h e  Env i ronment  a n d  are con s i dered  moderate l y  to 
heav i l y  pol l uted  accord i ng to the  d redge d i sposa l  gu i d e l i ne s  of the 
'U . S .  Env i ronmenta l  Protecti on Agency . Mi n i mum l ev e l s of i ron , n i ckel  and  
copper i n  the  d epos i t i ona l  bas i n s  a l so  e xceeded dredg i ng d i sposa l  gu i d e l i n es . 
Sed i men t s  i n  Lake Ontari o were h i gh l y  contami nated wi th a wi de  vari ety of 
trace organ i c  contami nants , many con s i dered spec i f i c to the  N i agara Ri v e r .  
E xcept  for a n  area arou nd  t h e  mouth of  t h e  N i agara Ri v e r ,  however , l i tt l e i s  
known of the  s pati a l  d i s tri but i on and av erage concen trat i on s  of these  
compound s . 
There were no programs i n  the  U . S .  nears hore zone d u r i ng  the  1 98 1 -82 
i nten s i ve years wi th  wh i ch to eva l uate temporal or s pati a l  trend s i n  
pers i s tent  organ i c contami nants , as  requi red i n  the  1 978 Agreement . 
Re s i d u e s  of PCBs and  organoc h l ori ne  pe st i c i d e s  i n  herri ng  g u l l eggs and 
l ake trout exh i b i ted s i gn i fi cant d e c l i ne s  over the peri od of mon i tori ng . 
Res i d u e  l ev e l s of mos t  compoun d s , howeve r ,  cont i nue  to be  the h i gh e s t  i n  the 
Great Lake s . For examp l e ,  PCBs i n  l ake trout fi l l ets  average 2-3 �g /g  wi th 
l ev e l s as h i gh a s  1 0  �g / g  be i ng  reported . 
Whi l e  many res earch s t ud i e s  document l ev e l s and  spati a l  d i s tr i but i ons  of 
trace contami nants  i n  Lake Ontari o ,  very few addre s s  contami nant pathways , 
food cha i n effect s  or chron i c s u b l ethal  effec t s  at obs erved  con tami nant  
con c entrat i on s . 
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RECOMMENDATIONS 
Eutroph i cati on 
1 .  Total  phos phorus  annua l  l oad s ( a s  reported by the Surve i l l an c e  Work 
Group of the  Water Qua l i ty Board ) s hou l d  be ac compan i ed by some 
meas ure of s tati s t i c a l  vari an c e ,  so that ach i evement  of th e target 
l oad for tota l phos phoru s can  be a s c ertai ned . 
2 .  Procedures  s hou l d  be  deve l oped to adj u s t  tri butary l oad i ng e s t i mates  
to  accoun t  for the weath e r ,  and  th ereby a l l ow a s s e s sment  of wh ether  
the  phos phorus  target l oad i s  be i ng met . 
3 .  A con s i s tent , documented proc edure for report i ng mu n i c i pa l  s ewage 
treatment  p l ant  l oads  s hou l d  be  d ev e l oped . 
4 .  Ero s i onal  contri but i ons  of b i o l og i ca l l y  unavai l ab l e phos phorus  to th e 
N i agara R i v e r  total phosphorus l oad shou l d  be  e s t i mated and e x c l uded 
from 'expec ted l oad' e s t i mates . 
5 .  A con s i s tent  meas ure of b i ol og i c a l l y  avai l ab l e phosphorus  s hou l d  be 
adopted and  i ncorporated i nto a l l tr i b utary mon i tori ng  programs . 
6 .  Contri but i ons  of tota l  phos phoru s from Hami l ton Harbour and the Bay 
of Qu i nte to the  tota l l ake l oad shou l d  be adj u s ted to account  for 
the  d emon s trated retenti on of these  water bod i e s . 
7 .  Ci rcu l ati on and tran�port s tud i e s  s hou l d  be  i mp l emented i n  the 
Ki n g s ton bas i n  to determi ne  what fract i on of l oad i ng to th i s  reg i on 
acttia l l y  i mpacts  on the  mai n body of the  l ake . 
8 .  A mean s of d etermi n i ng the as s i mi l at i ve  capac i ty of the  n earshore 
env i ronment  shou l d  be  deve l oped so that th e cumu l at i v e  i mpac t s  of 
mu l t i p l e d i s c harges  �an be e s t i mated . 
9 .  A con s i s tent  b i o l og i c a l  mon i tori ng  program for phytop l ankton and  
zoop l ankton i n  Lake Ontari o shou l d b� mai nta i ned . 
1 0 .  Factors whi c h  l ead to e l evated s ummer epi l i mnet i c phos phorus  l ev e l s 
s hou l d  be'determi n ed . 
1 1 .  Tho s e  factors contro l l i ng a l ga l  b i omas s  and  prod u c t i on i n  Lake 
Ontari o s hou l d  be determi ned . 
1 2 .  Cau s e s  of i n creas i ng n i trate l ev e l s i n  Lake Ontari o s hou l d  be 
determi ned  and th e potent i a l  for adverse  effects  a s s e s s e d . 
1 3 .  A con s i s tent  water qua l i ty mon i tori ng prog ram s hou l d  be mai n tai ned  i n  
the  offs hore waters  to document l ong-term ,  whol e- l ake respon s e  to 
remed i a l mea s u res . 
1 4 .  Res earch s tud i e s  s hou l d  be  i mp l emen ted to as s e s s  foodweb i n terac t i ons . 
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1 5 .  Mon i tori ng  of  phytop l ankton and  n utri ents  at s e l ect  water i ntake s 
a l ong the  Ontari o s hore l i ne s hou l d  be mai n ta i n ed and  expanded  to 
i nc l ude  New York i n takes . 
1 6 .  Stati s t i c a l  i n terpretat i on of e x i s t i ng  water i n take d ata s hou l d  be  
expanded  and  i nten s i fi ed beyond  that avai l ab l e d u ri n g  the  preparat i on 
of  t h i s report . 
1 7 .  C l adophora s tand i ng crop and t i s s u e  phos phoru s l ev e l s s hou l d  cont i n u e  
t o  be  mon i tored annua l l y  a l ong the  Ontari o s hore l i n e .  A s i mi lar 
p rogram s hou l d  be  i n s t i tuted a l ong the New York s hore l i ne for at _ 
l ea s t  one  year , u s i ng  method s i d ent i ca l  to those  a l ong the  Ontari o 
s hore , to as s e s s  whether a C l adophora prob l em e x i s t s  a l ong the south  
s hore . Shou l d  a prob l em e x i s t , a nnua l  mon i tori ng  wou l d  be  warranted . 
Con tami nat i on by Tox i c Sub s tan c e s  
1 .  Doc umentat i on of the l oad i ng s  of trace con tami nants  from the  N i agara 
R i ver  s hou l d  be con t i n u ed . 
2 .  Res earch i n to i mproved method s of e s t i mati ng  the  atmospher i c l oadi n g  
of  contami nants  s hou l d  be  promoted . 
3 .  Tr i bu tary mon i tori n g  programs shou l d be  expanded  s o  that l oa d i ngs  of 
contami nants  can be determi ned . T h i s wou l d  i n c l ud e  g reater frequency 
of  s amp l i ng ,  l ower detect i on l i mi t s  through precon cen trat i on 
techn i que s , and  expanded l i s t s  of compou n d s . 
4 .  A cos t-effec t i v e  s amp l i ng program t o  as s e s s  l ev e l s o f  trace 
con tami nants  i n  d epos i t i ona l  bas i n s e d i ments  shou l d  be  d e v e l oped and 
i mp l emented . Th i s program s hou l d  i n c l ud e  a l i mi ted n umber  o f  cores 
for determi n i ng  l ong-term ( >50 years )  trend s i n  con tami nants . 
5 .  The  sourc e ( s )  of e l evated PCB con centrat i on s  i n  bottom s ed i ments  i n  
the  Ki n g s ton bas i n s hou l d  be  determi ned . 
6 .  The  sourc e ( s )  of  e l evated PCB con c entrat i on s  i n  s ed i ments , fi s h  and  
a l gae i n  H umber Bay shou l d  be determi ned . 
7 .  Mon i tori ng  programs s hou l d  be  i mp l emen ted i mmed i at e l y  to as s e s s  the  
extent  of  PCB con tami nat i on i n  B l ack R i ver  Bay and  to determi n e  the  
source  of  PCBs i n  the  B l ack R i ver . 
8 .  Compreh ens i v e watershed  s tud i e s  s hou l d  be  i mp l emented  to determi n e  
l ev e l s of i nd u s tr i a l l y  re l ated contami nants  a n d  a s s e s s  the i r effects  
on b i ota . 
9 .  Programs for mon i tori ng con tami nant  burd e n s  i n  forage fi s h  and  
Cl adophora i n  Ontar i 0 1 S  n ears hore waters  s hou l d  be  mai ntai ned  and  
comparab l e  prog rams i n  New York 1 S n ears hore waters  s hou l d  be  
i n s t i tuted . 
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1 0 .  Programs mon i tori n g  con tami nant  burd e n s  i n  who l e fi s h  and  herri ng  
gu l l eggs for trend  anal ys i s ,  and fi s h  fi l l et s  for human hea l th 
conce rn s s hou l d  be  mai ntai ned . 
1 1 .  Re search i n to a s s e s s i ng  effec ts  of amb i ent  l ev e l s of con tami nants  on 
b i ota s hou l d  be promoted , parti c u l ar l y  s tu d i e s  emphas i z i ng effect s  on 
prod u c t i on . 
1 2 .  Rou t i n e  mon i tori ng of trace organ i c contami nants  i n  the  n ears hore and  
offs hore waters  of Lake Ontari o s hou l d  be i mp l emented . F i e l d  
preconcentrat i on techn i que s , whi ch  can now rou t i n e l y  a c h i eve  
detec t i on l i mi t s  i n  the p i cogram per l i tre range , s hou l d  be  u t i l i zed 
i n  t h e s e  programs . 
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2 Historical Background 
I n  1 6 1 5 , t he  Fren c h  exp l orer Et i enne  Bru l e d i s covered Lake Ontari o 
wh i c h , d ue  to the  host i l i ty of the  I roquo i s tri be s  l i v i ng a l ong i t s s hores , 
had prev i ou s l y  rema i ned  h i d den  from European exp l orers . Peace was obtai ned 
between  the  French  and  I roquoi s i n  1 667 and , s hort l y  thereafter , Lake 
Ontari o wi tnes s ed the  fi r s t  s a i l i ng s h i p s  on i t s waters . For near l y  200 
years after Bru l e fi r s t l ooked upon Lake Ontari o ,  the  h i s tory of  s et t l ement 
i n  the· bas i n was one  of  �l mo s t  unend i ng warfare i nvo l v i ng  the  Fren c h , 
I roquo i s and  Bri t i s h .  F i na l l y·, after four wars from 1 689 to 1 7 63 , New 
Fran c e  s u cc umbed to the Bri t i s h .  Yet , · on l y  1 5  years l ater , the  Amer i c an 
Revo l ut i on began and  c u l mi nated i n  the  War of  1 8 1 2 , whtch re s u l ted i n  the  
permanen t north-south  d i v i s i on of Lake Ontari o between Canada and  the  U n i ted 
States . 
Changes  i n  the  bas i n  have occurred rap i d l y  s i n c e  then . I n  the  ear l y  
n i n eteenth  century ,  l es s  than 300 , 000 peop l e i nhab i ted t h e  ent i re Great 
Lakes bas i n ( 1 ) .  Today , the popu l at i on i n  the Lake On tari o bas i n a l one  
numbers  i n  e x ce s s of  e i ght  mi l l i on peopl e .  Th i s growth , wi th i t s a s soc i ated 
urban and  i nd u s tr i a l  expan s i on ,  has  exerted a profound  i nf l uence  on the  
water  qua l i ty and  b i ota of Lake On tari o .  I n  the  l as t  1 00 years , we have 
wi tnes s ed the  s equent i a l  co l l ap s e  of At l ant i c s a l mon , whi tefi s h ,  l ake 
herri ng , c h ub , l ake trout and b l u e  p i ke fi s h eri e s  ( F i g .  1 )  ( 2 ) , a l though the  
d ebate s t i l l  cont i n u e s  a s  to whether pol l u t i on , overfi s h i ng or i nvas i on by 
exoti c s pec i e s  was the  pri n c i pa l  cau s e  ( 3 ) . 
Deter i orat i on i n  water qua l i ty over th i s t i me peri od has  a l so  taken 
p l ac e ,  but the nature , extent  and s ever i ty of  degradat i on i s  mu ch  l e s s  
c l ear ,  d u e  pri n c i pa l l y  to a l ack o f  d ata . Pri or to 1 964 , few comprehe n s i v e 
water qua l i ty s tud i e s  had been c arri ed out  on Lake Ontari o that wou l d  permi t 
an accurate a s s e s sme n t  of i ts c u rrent  troph i c . s tate . The fi r s t  
compreh ens i v e s tudy , comp l eted i n  1 9 1 6 , w a s  concerned  pri mari l y  w i th 
bacteri a l  l ev e l s ori g i nat i ng from raw s ewage d i s c harges  ( 4 ) . Further 
s t ud i e s  were car�i ed out  from 1 946 to 1 948 and ,  whi l e  the growi ng  prob l em of 
i nd u s tr i a l  pol l u t i on was acknow l edged , l ev e l s of  bacteri a and d i s so l ved  
s o l i d s rec e i ved  the  focu s  of  atten t i on ( 5 ) . 
Desp i te a l ack  of  representat i v e d ata , s t ud i e s  began to appear i n  the  
s c i e nt i fi c l i terature atte s t i ng to the  i n creas i ng eu troph i cat i on of Lake 
Ontari o .  S c henk and  Thomp son ( 6 ) reported a doub l i ng o f  the  mean annua l  
b i omas s  o f  phytop l ankton at  the  Toronto water i n take from 1 923  to  1 954 , wi th 
a s h i ft i n  domi nant  gen era s i mi l ar to that of Lake Eri e .  Beeton ( 2 )  c i ted 
an i n crease  i n  TDS ( 1 40 to 200 mg / L ) from 1 9 1 0  to 1 965 as  ev i d ence  of the 
d egradat i on of  Lake Ontari o water qua l i ty .  Duth i e and Sreen i v a s a  ( 7 ) , i n  
exami n i ng a s ed i ment  core from the  deep  bas i n ,  s ugges ted  that  a decrease  i n  
the  proport i on of  o l i gotroph i c- i n d i cat i v e  d i atoms , re l ati ve  to eurytopi c and 
eutroph i c  s p e c i e s , prov i ded  pos s i b l e ev i dence  for c u l tura l  e u troph i cat i on i n  
Lake Ontari o .  Unfortunate l y ,  many of these  s tud i e s  re l i ed on data col l ected 
from l oca l i zed  and pos s i b l y  non-repre s entat i ve  areas . 
· 
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COMMERCIAL PRODUCTION OF BLUE P IKE, LAKE HERRING AND CHUBS, LAKE 
TROUT, WALLEYE, AND WHITEFISH IN LAKE ONTARIO. 
Source: Reference (2). 
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I n  1 9�4 . ami d growi ng concern over the  conti n u i n g  dec l i ne of ' water  
qua l i ty i n  Lake Ontari o ,  the gov ernments  of Canada and  the  U n i ted States  
d i rected the  I JC  to s tudy and  report on the occu rrence , sourc e s , extent  and  
cau s e s  of  tran s boundary pol l u t i on and  to recommen d  remed i a l mea s u re s . To  
oversee  the  i mp l ementat i on of fi e l d  s t ud i e s  n e c e s sary to a c h i eve  th i s 
purpos e ,  the I n ternat i ona l  Lake Ontari o-St . Lawrence  Ri ver  Water Po l l u t i on 
Board ( I LOWPB ) , compri s ed of repres entat i v e s  from fed era l , prov i n c i a l  and  
s tate env i ronmen tal  and hea l th agen c i e s , was formed .  
Su rveys c arri ed out  from 1 964 to 1 968 , under  the au s p i c e s  of  the  
I nternat i ona l  Lake Eri e Water  Pol l u t i on Board and  the  I LOWPB , were 
comprehe� s i v e  i n  geograp h i c s cope and for the fi r s t  t i me i n c l uded  
meas uremen ts  of  the  n u tri ents  phos phoru s and  n i trogen . Bas ed on the se  
s t ud i e s , i t  was con c l uded  that , wh i l e  morphometri c a l l y  o l i gotroph i c ,  Lake 
On tari o had water qua l i ty characteri s t i c of me sotroph i c l akes wi th s p ec i fi c  
areas ( Hami l ton Harbou r ,  Bay of  Qui nte , Toronto H arbour )  be i ng  eutroph i c  
( 8 ) . The I LOWPB attri buted 57% of the  total P l oad to mun i c i pa l  and  
i nd u s tr i a l  i nput s  and 33% to i nputs  from Lake Eri e .  Further , they e s t i mated 
that d etergen t  phosphates  contri buted 50 to 70% of the  e nt i re total  P l oad 
( 8 ) . U s i ng Vo l l enwe i d er • s ( 9 )  l oad i ng p l ot ( F i g .  2 ) , i t  was determi ned  that 
the admi s s i b l e and  dangerous  l oad i ng l i mi t s for Lake Ontari o were 0 . 4  and  
0 . 8  g/m2 •a , respec t i v e l y .  Current ( 1 96 8 )  l oad was e s t i mated to be 
0 . 7  g /m2 • a  i n  the ab sence  of ame l i orati ve  measure s . Con s equen t l y ,  i t  
wa s recommended  that phosphates  i n  detergents  be  rep l aced  w i th an 
env i ronmen ta l l y  acceptab l e s u b s t i tute  and that mu n i c i pa l  treatment p l ants  be  
requi red to  ach i eve  a further  80% red u c t i on i n  p hosphoru s l ev e l s after  the  
remov a l  of detergent phosphoru s ( 8 ) . 
To sat i s fy t h e s e  recommendati ons , the governmen t  of Canada enacted  
l eg i s l at i on ,  effec t i ve  Augu s t  1 ,  1 970 , that l i mi ted the  phosphate  content  of 
de tergent ( as P205 ) to 20% .  Th i s l i mi t was further red u c ed to 5% on 
December  3 1 , 1 97 2 . New York and I nd i ana fo l l owed s u i t ,  i mpos i ng a l i mi t of  
1 . 1 % by  1 973 . More s i gn i f i cant wa s the s i gn i ng o f  the Great Lake s Water 
Qual i ty Agreement  i n  1 972 . In th i s document , the  programs nec e s s ary to 
control  phosphoru s were out l i n ed , i n c l ud i n g s p ec i fi c s for con s tru c t i on and  
operati on of mun i c i pa l  waste  treatme nt  p l ants  and  upgrad i ng  of  tho s e  p l ants  
d i s c hargi ng i n  exce s s  of 1 MGD to  attai n phos phoru s effl uent  con centrati on s 
of 1 . 0 mg/ L .  Furthermore , the Agreement  s pe c i fi ed  target phos phoru s l oads  
for Lake Ontari o i n  order  to  ach i eve the obj ect i v e  of red u c t i on i n  pre s e n t  
l ev e l s of a l ga l  growth i n  that l ake . 
I n  the fo l l owi ng years , n umerou s and more comp l ex mode l s  were d e v e l oped , 
some ba s ed on Vo l l enwe i der • s  ( 9 )  ori g i na l  s teady- s tate , i n put-output  mod e l  
( 10- 1 3 ) , others  b a s e d  o n  dyn ami c ma s s  ba l ance  pr i n c i p l e s , i n corporat i ng 
a l l owan c e s  for phytop l ankton and zoop l ankton i n terac t i on ( 1 4 , 1 5 ) . Ba s e d  on 
th i s n ew i n formati on , i t  was conc l uded  that , to ach i eve an average tota l P 
conce ntrat i on of  1 0  �g / L  i n  Lake Ontari o ,  an e s t i mated l oad of 6 , 800 t / a ,  
o r  0 . 36 g/m2 • a ,  mu st  b e  ach i eved ( 1 6 ) .  Th i s recommendati on was 
i ncorporated i nto the 1 978 Agre eme nt and a phosphoru s target l oad of  7 , 000 
t/a  was e s tab l i s h ed . · 
Con s i derab l e atten t i on has  been foc u s s ed on re search and mon i tori ng o f ·  
t h e  open wa ters of Lake Ontari o s i n ce  t h e  ear l y  1 970s . The  d e s i gnat i on of 
the I n tern at i on a l  F i e l d Year for the Great Lakes ( I FYGL ) was un doubted l y  
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a - Without P control 
b - With no P in detergents and 95% P removed 
from all municipal and industrial wastes 
LEG E N D  
A - Aegerisee ( Switzerland) 
An - Lake Annecy ( France) 
B - Baldeggersee (Sw itzerland) 
Bo - Lake Constance (Austria, Germany, Switzerland) 
F - Lake Furest> ( Denmark) 
G - G reifensee ( Switzerland) 
H - Hal lwil lersee (Switzerland) 
L - Lake Geneva ( France, Switzerland ) 
M - Lake Mendota ( U .S.A. ) 
Ma - Lake Malaren (Sweden) 
Mo - M oses Lake ( U . S.A. )  
N o  - Lake Norrvi ken (Sweden) 
P - Pfaff1kersee (Sw itzerland) 
S - Lake Sebasticook ( U .S.A. ) 
T - TUr lersee ( Switzer land) 
Ta - Lake Tahoe ( U . S.A. ) 
V - Lake Vanern (Sweden) 
W - Lake Washington ( U .S.A. ) 
Z - Zi..i rich see ( Switzerland) 
E - La ke Er ie 
Ont . - Lake Ontario 
FIGURE 2. STATE OF EUTROPHICATION FOR A NUMBER OF LAKES IN EUROPE AND 
NORTH AMERICA. 
Source: Reference (9). 
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the  mos t  s i g n i fi cant  event  i n  th i s regard . After more than s i x years of 
p l an n i ng , I FYGL was i n i t i ated i n  1 972  wi th the expre s s  purpo s e  of 
s trengthe n i ng  s c i e nt i fi c knowl edge of Lake On tari o and  i t s bas i n .  Yet , the  
pri mary focu s  of I FYGL research was  to prov i d e  a more thorough unders tand i ng 
of phys i ca l  proc e s s e s  ( e . g .  water ba l an c e , c i rcu l at i on )  whi ch , wh i l e  of 
cons i d erab l e i mportance i n  pred i c t i n g  the s u c c e s s  of phosphoru s abatement  
programs , d i d l i tt l e to  further  knowl edge of chemi ca l  and  b i o l og i ca l  
l i mno l ogy i n  Lake On tar i o .  On l y  l ate  i n  the p l ann i ng proc es s were programs 
mea s u r i ng  ch emi ca l  and  b i o l og i c a l  vari ab l e s  i n c l uded  ( e . g .  the  Ontar i o  
Organ i c  Part i c l e Study) , prov i d i ng some meas u re o f  bas e l i n e cond i t i on s  i n  
1 97 2 . 
Both the  1 972  and  the  1 978  Agreements  spec i fy that mon i tori ng  act i v i t i e s  
are  to  b e  d i rected toward s a s s e s s i ng the  respon s e  of the l akes to  phosphoru s 
remed i a l programs . For Lake On tari o ,  ach i evement of th i s obj ect i v e  was 
hampered by the fac t  that no cons i s tent  rou t i n e  water q u a l i ty mon i tori ng 
program had been adopted pri or to 1 974 , maki ng  who l e- l ake a s s e s sments  
d i ffi cu l t .  Con s i d erab l e  s tr i d e s  were mad e i n  s u b s equent  years to  i mprove 
upon t h i s s i tuat i on ( i . e .  adopt i on of fi xed  s tat i on d e s i gn  and  parameter 
l i s t s ) ,  yet i nformati on gaps s t i l l  pers i s ted . I n  res pon s e  to th i s prob l em ,  
worki ng  groups  were c reated under  t h e  au sp i ce s  of t h e  Surv e i l l an c e  Work 
Group of the  Great Lakes Water Qual i ty Board . They were i n s tructed  to 
d e s i gn a compreh en s i ve mon i tori ng  program whi ch , i f  i mp l emented , wou l d 
enab l e the  IJC  to prov i de  the  part i e s  of the 1 978  Agreemen t  wi th an 
a s s e s sment of progre s s  i n  meet i ng Agreement  obj e ct i v e s  ( 1 7 ) . 
The  general  operati on a l  obj ect i v e s  as  e s tab l i s hed  by the Surve i l l ance  
Work Grou p  for the  Great Lake� I n ternat i on a l  Surve i l l an c e  P l an ( GLISP)  ( 1 7 ) 
were : 
1 .  To determi n e  the  caus e-effect re l ati on s h i p between water qua l i ty 
and  i nputs  i n  ord er to dev e l op the  appropri ate remed i a l /p reven t i v e  
act i o n s  a n d  pred i c t i on s  o f  the  rate a n d  extent  o f  l oca l /who l e l ake 
res pon s e s  to a l ternat i ve  abatement propos a l s .  
2 .  To mon i tor l oca l  and  who l e l ake respon s e  to abatement  measures  and  
i dent i fy emerg i ng prob l ems . 
3 .  To mon i tor , l ocate and  quant i fy v i o l ati on s  of e x i s t i ng  Agreement  
obj ec t i v e s  ( general  and  s p e c i fi c ) , I JC-recommended  obj ect i v e s , and  
j ur i s d i c t i on a l  s tandard s , cr i teri a and  obj ect i v e s . 
The  p l a n s  d e s i gned  u nder  the ori g i na l  GLISP ca l l ed for spec i fi c 
components  of s urve i l l an c e  and  mon i tori ng programs to be  carri ed out  
an nua l l y  on each l ake and  connect i ng chann e l , p l u s  per i od i c i n ten s i ve  
s tu d i e s  that wou l d  foc u s  on an i nd i v i dua l  l ake or connec t i ng chann e l . The  
annual  prog ram components  were d e s i gned to addre s s  one  or more of the abov e 
obj ect i v e s , whi l e  the  i nt en s i v e s tud i e s  were d e s i gned  to prov i de  a more 
comprehen s i ve a s s e s smen t .  The  i n tens i v e s tud i e s  under  GLI SP were to be 
con d uc ted on  a n i n e-year rotati ona l  cyc l e  wh i ch , for Lake Ontari o ,  wa s to 
occur  i n  1 98 1 -82 , n i ne  years after the  comp l eti on of I FYGL . Re s u l t s  from 
programs u n dertaken dur i ng  thos e two years , th erefore , form th e bas i s of 
much  of the  fol l owi ng  d i s c u s s i on .  
- 1 7  -
Of parti c u l ar need  i n  d e s i g n i ng th e Lake Ontari o Surv e i l l an c e  P l an. was  a 
reconc i l i at i on between th e trad i t i ona l  chemi c a l  approach to mon i tori ng  Lake 
Ontari o wat er qua l i ty and th e ecosys tem approach as embod i ed i n  the 1 978  
Agreement . Th i s  obj ect i v e  was  not  who l l y  achi eved for , as  s tated i n  the 
p l an , "At th e pre s e n t  t i me ,  wi th ex i s t i ng tech n i c a l  l i mi tat i on s ,  th e [ Lake 
Ontari o ]  Surve i l l an c e  P l an i s  not adequate to dea l  wi th th e comp l ete 
a s s e s sment  of  ecosys tem dynami c s  and  i n tegri ty of Lake Ontari o .  Howev e r ,  
th e Lake Ontar i o  Work Group d o e s  con s i der  that th i s p l an forms an e s s en t i a l  
s tep i n  th e eventua l  deve l opment  o f  techn i c a l l y  s ound , ho l i s t i c ecosys tem 
a s s e s sments  of  Lake On tari o . "  
Th e obj ect i ve s  and requ i remen ts  of th e ecosys tem approach as  endorsed  by 
the Great Lake s S c i ence  Adv i sory Board ( 1 8 ) were , to a l arge exten t , 
d i ffi c u l t to gra sp . I t  advocated a 1 h uman- i n 1 approach to mon i tori ng  wh ere 
a l l facet s  of  th e e nv i ronment , both b i ot i c and  ab i ot i c ,  and  th e i r 
i nterre l at i o n sh i p s  were to be addre s s ed and , i f  pos s i b l e ,  u nd ers tood . On l y  
th en  cou l d  th e i mpac t o f  h uman act i v i t i e s o n  th e l ake e nv i ronmen t  b e  who l l y  
u n d e r s tood . Th e proponents  o f  th e ecosys tem approach · argued that mon i tori ng 
prog rams p l �ced  too much empha s i s on the measurement  of s tat i c vari ab l e s 
( e . g .  concentrat i on s  of chemi c a l s i n  vari ou s med i a )  and shou l d  foc u s  more on 
rate vari ab l e s  ( e . g .  phosphoru s uptake rate of a l gae ) . 
Th i s  argument  ten d s  to i gnore some of the bas i c  l i mi tat i on s  of 
mon i tori ng  programs , as  we l l as  th e ro l e  of res earch . Mon i tori ng  programs , 
by d e s i gn ,  i nvo l ve  th e rou t i ne  mea s u rement  of a vari ety of i nd i c ator 
vari ab l es . Th e vari ab l e s shou l d ,  as  a genera l  ru l e ,  be  eas i l y  mea s u rab l e  
and i n terpretab l e .  Rate fu n c t i on s ,  u s ua l l y  much more d i ffi c u l t  to mea s ure , 
requ i re advan ced  know l edge to i n terpret th e i r re s u l t s and , con s equen t l y ,  
remai n a res earch act i v i ty .  
Th i s  po i n t s  to th e need  to i n tegrate th e fi nd i ng s  o f  mon i tori ng programs 
wi th thos e  of res earch s t ud i e s . As mon i tori ng  programs u s u a l l y  re l y  on 
c i rcums tant i a l ev i d en c e  to determi n e  th e cau s e / effec t re l at i on sh i p s between 
vari ab l e s , th ere i s  a l ways a c ertai n ri sk of drawi ng  i n correc t  con c l u s i on s  
due  t o  spu r i ou s  corre l at i on s  i n  th e data . Res earch , i n  contra s t , can  
·p rov i d e def i n i t i ve an swers  of c au s e  and  effect  th rough control l ed 
experi mentat i on . Hence , th i s  report draws heav i l y  on fi n d i ng s  gen erated by 
th e res earch commu n i ty .  
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3 Physical Characteristics and Ionic Composition 
MORPHOMETRY 
Lake Ontari o i s  the  l as t . i n the Great Lake s c h a i n and  the  smal l es t  i n  
s u rfac e  area ( 1 8 , 960 km2 ) .  Howeve r ,  wi th a mean d epth of 84 m and  a 
max i mum d epth of 244 m ,  i t  has  the  fou rth l arge s t  vo l ume ( 1 , 640 km3 
( 1 9 ) .  The  general  bathymetry of the  l ake i s  d ep i cted  i n  F i g .  3 .  The  Lake 
Ontari o bas i n  i s  an eros i ona l  feature , s i tuated a l ong an outcrop of erodab l e  
Ordov i c i an s ha l e bedrock . The north s l ope of the  bas i n i s  q u i te s ha l l ow and  
feature l e s s  due  to the  prox i mi ty of an u n d e r l yi ng  l ayer of  durab l e  mi d d l e  
Ordov i c i an l i me s ton e .  Th e south ern s l ope , not s hari n g  t h i s feature , i s  
con s i d e rab l y  s teepe r .  U n l i ke the upper Great Lake s , the  bottom topography 
of the  l ake i s  re l at i v e l y  smooth and  u n d i s t i n c t i v e .  Fou r re l at i v e l y  
d i s t i n c t  s e d i mentat i on bas i n s ex i s t ;  from we s t  to northea s t ,  the s e  are the  
N i agara , M i s s i s sauga , Roc hester  and  Ki ngs ton bas i n s ( F i g .  4 )  ( 20 ) . The  
d i fferent i at i on among the  fi r s t  three bas i n s  i s  i ndetermi nate and  there  i s  
l i ke l y  a con s i d erab l e  amount  of i nterchange of re s u s pended  mater i a l  among 
them ( 2 1  , 22 ) . The s eparat i on afford e d  by the  Duck-Ga l oo S i l l  between the  
Roc h e s ter  and  Ki n g s ton bas i n s i s  muc h  more pronounced  and , con s eq u en t l y ,  
contri butes  to t h e  Ki n g s ton bas i n  e x h i b i t i ng  water q u a l i ty c haracteri s t i c s  
qu i te d i st i n c t  from that o f  the  mai n l ake . 
CI RCULATION 
For a better understan d i ng  of how Lake Ontari o wou l d  respond  to a 
part i c u l ar management  s trategy , or the fate of a pers i s te n t  compound  
i ntrodu c ed i n to the  l ake at a spec i fi c  poi nt  and  t i me ,  i t  i s  e s s ent i a l  to 
have a sound  knowl edge of c i rcu l at i on proc e s s e s . For i n s tan c e , spat i a l  
heterogene i ty i n  the d i str i but i on o f  chemi c a l  a n d  b i o l og i c a l  con s t i tuents  
wi th i n  a l ake , as  ha s  been  d emon strated for a vari ety of  nutr i ent  and  
b i ol og i c a l  vari ab l e s  i n  Lake Ontari o ( 23 , 24 ) , �as  been  recogn i zed  a s  an 
i mportant c au s e  for the  res i s tance  of l akes to eutroph i cat i on ( 25 , 26 ) . 
Wh i l e  some of t h i s vari ab i l i ty i s  d ue  to anthropogen i c  l oad i n g , much  i s  a l so  
d u e  to c i rcu l ati on  proc e s s e s  i n  the  l ake . 
The overa l l c i rcu l ati on of l arge l akes i s  character i zed by comp l i c ated  
vari ati ons  i n  space  and ti me ( 27 ) . Pas t  stud i e s  of c i rcu l ati on i n  Lake 
On tari o have often s u ffered from an i n s u ffi c i ent den s i ty of i n s trument s  
cov eri ng  the  l ake , requi ri ng the  u s e  of i nterpo l at i on or  hydrodynami c mod e l s 
to s upp l eme nt or augment  rea l data ( 2 8 , 2 9 ) . To overcome the l i mi tati o n s  
as soc i ated wi th these  method s ,  t h e  Aquati c Phys i c s and  Sys tems D i v i s i on ,  
NWRI , l au n c h ed a maj or experi mental  program i n  Lake On tari o dur i ng  the  
s ummer  of 1 982 and  the  fol l owi ng  wi nter . Except where oth erwi s e  i nd i cated , 
· the fo l l owi ng d i s c u s s i on i s  bas ed on the resu l t s of that s tudy . For greater 
d etai l ,  see  Reference  ( 27 ) . The  s ummer program , coveri ng  the  fou r-month 
peri od from ear l y  May to l ate Augu s t , con s i sted  of cont i n uou s t i me s er i e s  
mea s u rement s  of  temperature , c u rrents , wi n d s , a n d  wave s  from a n  array of  
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i n s trumen t s  l ocated i n  a cros s s ect i on of the  l ake between Port Hope , 
On tari o and  Poi n t  Breeze , New York . I n  add i t i on ,  two coa s t a l  t ran s e c t s  were 
l ocated 30 km east  and we s t  of the mai n tran s ect . Dur i ng  the  wi nter  of 
1 982-83 , current  meters  were dep l oyed i n  two arrays , one fo l l owi n g  the 50 m 
depth  contou r ,  the  s e cond extend i ng acro s s  the  l ake from Port Hope to Poi n t 
Breeze . 
W i nter  Ci rcu l at i on 
Current vari at i on s  through the  cros s - s e c t i on from November  1 982  to March 
1 983  are i l l u s trated i n  F i g .  5 .  D i s tance  from the  north s hore and d epth  
be l ow the  water s u rface are  g i ven . The  fi r s t  record s hows the  c u rrent at 1 2  
m be l ow the  s u rface at a d i s tance  of 5 km from the  north s hore . The  c urrent 
i s  c harac teri zed by l arge amp l i tu d e  o s c i l l at i on s  wi th per i od s  of 5- 1 0  d ays . 
F l u c t uat i ons  are c au s ed by l oc a l  wi nd i mpu l s e s  wi th s econdary effec t s  of 
wi nd-i nduced topograph i c wav es  propagat i ng arou nd  the  per i meter of the  l ake 
i n  a cou n terc l ockwi s e  d i rect i on . The three record s i n  the  centre  of the  
fi gure repre s en t  c u rrents  at the deepe s t  part  of the  c ro s s  s e c t i on at 1 2  m 
and  50 m be l ow the  s u rface and  1 m abov e the  bottom . They s how that the 
current i s  e s s en t i a l l y  u n i form i n  the  verti c a l , as  was s ugges ted  by Pi ckett 
( 2 9 ) , and  genera l l y  runs agai n s t  the  d i rect i on of the  coa s ta l  c urren t .  The 
l a s t  c u rrent  record s hows the  n ear s urfac e c u rrent at  a d i s tance  of 3 km off 
the south  s hore . The  fl u c tuat i ng  compon ent  of the c u rrent  i s  very s i mi l ar 
to that of the  north s hore , both i n  amp l i tu d e  and  phas e .  The  l ong-term mean 
component  i s  q u i te d i fferent , howev er , wi th a pronounced eas tward net f l ow ,  
rai s i ng t h e  overa l l l ev e l  o f  the  south s hore c u rrent . 
A deep return f l ow ,  dr i ven  pri mari l y  by the  pre s s u re grad i ent  as soc i ated 
wi th the  i n c reas i n g s l ope  of the  water s u rface  i n  the  eas t ,  re s u l t s  from the 
pers i s tence  of an eas t wi nd , a s  water i s  then  moved  to the  east end  of the 
l ake . However , s i n c e  wi n d s  are more effect i v e  i n  mov i ng s ha l l ow water than 
deep , th i s re s u l t s i n  nears hore water mov i ng wi th the  wi nd and  mi d l ake water 
return i ng agai n s t  the  wi nd . The pronou n c ed eas tward f l ow a l ong the  south 
s hore and a compensat i ng return f l ow i n  deeper ( i . e .  mi d l ake ) waters  were 
the mos t  d i s t i n c t i v e  features  for the wi nter  peri od ( F i g .  6 ) . 
The  spat i a l  res o l u t i on of c u rrent mea s u remen ts  was s u ffi c i ent  to a l l ow 
computat i on of an a c c u rate d i s tr i but i on of water  tran s port through the  cro s s  
s e c t i on . The  c ros s - l ake d i s tr i but i on of water tran s port d i v i d e s  the l ake 
i n to three zon e s . I n  the  north ern part , the mean net  tran sport tend s  to 
van i s h , but  the  fl uctuat i ng component of the trans port i s  v e ry l arge . Th i s 
i s  con s i s tent  wi th con c u rrent wi nd  obs ervati ons  wh i ch  s how l arge d ay-to-day 
vari at i on s  i n  s peed and  d i rec t i on but  a near l y  vani s h i ng  n e t  forc i ng when 
averaged over the  ent i re peri od of meas u rement . The southern  part of the 
s e c t i on s hows a s trong eas tward mean trans port , whi ch  i s  appare n t l y  
compen sated by return f l ow i n  t h e  centra l  part o f  t h e  ba s i n .  T h e  l ong-term 
mean va l u e of tran s port i s  pre s en ted i n  F i g .  7 .  I n tegrat i on of the  
tran s port curve  g i v e s  a tota l  eas tward trans port of 70 x 1 0 3 m3 / s  
and  a total wes tward tran sport of 6 6  x 1 0 3 m3 / s , g i v i ng  a net  
tran sport of 4 x 1 0 3 m3 / s  to  the ea s t .  Th i s may be  compared to  the  
hyd rau l i c  f l ow as soc i ated wi th the  N i agara i n f l ow and S t .  Lawrence  outfl ow ,  
wh i c h i s  approx i mate l y  7 x 1 0 3 m3 / s  as  i l l u s trated by t h e  s haded  
rectang l e  i n  F i g .  7 .  I f  i t  i s  a s s umed that the eas tward-f l owi ng  N i agara 
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FILTERED TIME SERIES OF ALONGSHORE CURRENTS I N  LAKE ONTARIO 
CROSS SECTION AT INDICATED DEPTHS AND DISTANCES FROM NORTH 
SHORE. Positive currents are to the east, negative to the west. 
Source: Reference (27}. 
- 23 -
DISTANCE FROM NORTHSHORE (km) 










lei • • ...... --, •' 
I ./" ,
, 
/ \ \ I I \ \ 
0 
. \ • ( • \• \ \-1 I I I 
\ I I I \ 1-2 -2 1 -1 1 0 
\ \ I I \ \ I I \ I I \ I I \ I I \ I I I I I I I I I I I I 
1 
TIME-AVERAGED EASTWARD CURRENT (cm/s) IN LAKE ONTARIO CROSS 
SECTION, 4 NOVEMBER 1 982 - 23 MARCH 1983. 
Instrument locations are denoted by black circles. Positive contour values indicate 
eastward curre�ts; negative values indicate westward currents. 
Source: Reference (27). 
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FIGURE 7. 
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LONG-TERM MEANS IN TIME OF VERTICALLY INTE'GRATED CURRENTS. 
Shaded rectangle illustrates contribution from river flow. 
Source: Reference (27-). 
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Ri ver  water i s  mi xed  th roughout the b e l t of eas tward tran s port , the n  i t  
fo l l ows  that 90% of th i s  i n fl ow mu s t  be  rec i rcu l ated , s i n c e  the tota l  
eas tward tran s port averaged over  th e peri od of obs ervat i on i s  ten  t i me s  a s  
l arge as  the hyd rau l i c  f l ow .  W i th a mean s p e e d  of 5 km/ d  i n  the  b e l t o f  
eas tward tran s port , a n d  a l ake l ength of l es s  than 300 km , the t i me s ca l e of  
rec i rcu l at i on i s  a few mon th s . I n  rea l i ty ,  the rec i rcu l at i on  mu s t  be  
expected  to be  greater  than 90% s i n c e  the N i agara R i ver  water w i l l  not  b e  
confi ned  s o l e l y  t o  th e b e l t o f  eas ter l y tra n sport . 
Summer  Ci rcu l at i on 
The  o n s e t  of s trati f i cat i on i n  May and  J u n e  i s  marked by the d ev e l opmen t  
o f  a th erma l bar i n  t h e  coa s t a l  zon e .  I n  th i s  regi on , water d e n s i ty ( at 
4°C)  i s  at a max i mum re l at i v e  to s urrou n d i ng n ears hore and  offshore waters 
and , con s equ ent l y ,  s i nki ng  occurs at th i s convergen c e . As  the  n earshore 
waters  conti n u e  to warm , an offs hore pre s s ure grad i e n t  deve l op s , wi th the 
r e s u l t i ng mot i on d e fl ec ted by the Cori o l i s  farce to p rod u c e  coun terc l ockwi s e  
c i rcu l at i on ( 30 ) . Csanady ( 3 1  , 32 )  referred to th i s  baroc l i n i c  coa s t a l  
c urrent a s  a " coas ta l  j et " . The effects  of th i s coa s t a l  j et a r e  genera l l y  
res tri c ted to wi th i n 1 0  km of shore ( 30 , 33 ) , h e nc e , i t  i s  a factor of 
cons i derab l e i mportance  wh en  as s e s s i ng the  fate and  tran s port of n earshore 
i np u t s  as  we l l as d e s i g n i ng  mon i tor i ng  programs to d e l i n eate trends  i n  
n earshore water qua l i ty .  
On ce  s trati fi cat i on i s  e s tab l i shed , epi l i mnet i c and  hypol i mnet i c 
c u rrents  begi n to d e v i ate from one anoth er .  The north-south vari at i on  of 
c u rrents  i n  the hypo l i mn i on ,  i l l u s trated i n  F i g .  8 ,  are s i mi l ar to tho s e  
obs erved dur i ng  homogeneous cond i t i on s ; i . e .  a l ong th e north a n d  south 
shores at water d epth s  l e s s  than 1 00 m ,  c u rrents  tend  to be  s tron g l y  
corre l ated wi th the wi nd  wh i l e  oppos i ng fl ow i s  found  mi d l ake . Furth ermore , 
c u rren ts  are verti ca l l y  u n i form i n  th e hypo l i mn i on ,  i nc l u d i ng tho s e  meas u red  
1 m above the l ake bottom . 
The pers i s tence  of epi l i mnet i c coas ta l  currents  th roughout the 
s trat i fi ed peri od i s  we l l documented on a reg i ona l  s c a l e ( 34 , 3 5 ) , b u t  S i mo n s  
a n d  Schertzer ( 2 7 )  were a b l e t o  prov i de  mon th l y  averages of the  component  o f  
th e c u rrent norma l t o  th e cros s-sect i on ( F i g .  9 ) . Note the genera l  i ncrea s e  
i n  c u rrent v e l oc i ty ( and  th erefore tran sport)  a s  th e s ea son progre s s e s . 
Pi ckett and  Bermi ck ( 36 )  noted th e grad ua l  i n crease  i n  c u rrent  s peed from 
spr i ng to fa l l and  attr i bu ted i t  parti a l l y  to th e greater wi nd  speeds  i n  
l ate  s ummer and  fa l l and  parti a l l y  to a i r- l ake temperature d i fferen c e s  ( i . e .  
i n  spr i ng , a warm wi nd  over a cool l ake i s  l e s s  effec t i v e  i n  dr i v i ng 
c u rren t s ) . Th e cros s - s ec t i onal  d i s tr i but i on of curren t s , averaged over the 
May to Aug u s t  mea s u rement  per i od , i s  g i ven  i n  F i g .  1 0 ,  a l ong wi th the 
corres pond i ng water trans port , obta i ned  by i n tegrat i ng c u rrents  over d epth . 
Eas tward tran sport a l ong the south shore i s  con s i d erab l y  greater than 
wes tward tran sport a l ong th e north shore , con s i s tent  wi th the hori zonta l  
d i s tr i but i on of  c u rrents  as  reported by Pi ckett and  Bermi ck ( 36 )  for J u n e  to 
October 1 972  ( F i g .  1 1 ) .  Wh i l e  th e boundary currents  exh i b i t ,  on th e 
average , a cou nterc l ockwi s e  c i rcu l at i on ,  th e i r d i rect i on and  mag n i tude  are 
extreme l y  s e n s i t i ve  to wi nd  s tre s s , requ i ri ng l es s  than two d ays  to adj u s t  
t o  changes  i n  wi nd d i rect i on ( 2 7 , 34) . 
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VERTICAL STRUCTURE OF ALONGS�ORE CURRENTS IN HYPOLIMNION. 
Source: Reference (27) . 
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MONTHLY AVERAGES OF CURRENT DISTRIBUTIONS IN CROSS SECTION OF 
LAKE ONTARIO BETWEEN PORT HOPE AND POINT BREEZE. 
Positive values represent eastward current (km/d). 
Source: Reference (27). 
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FIGURE 1 0. AVERAGE CURRENT DISTRIBUTION IN CROSS SECTION OF LAKE ONTARIO, 
MAY - AUGUST 1 982 (ABOVE) AND AVERAGE TRANSPORT THROUGH CROSS 
SECTION (BELOW). 
Positive values represent eastward flow. 
Source: Reference (27) . 
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FIGURE 1 1 .  LAKE ONTARIO OBSERVED CURRENTS, VECTOR AVERAGED FROM JUNE 
THROUGH OCTOBER 1 972. 
Depths in metres at arrow tips: +3 indicates 3 m  off bottom. 
Source: Reference (36). 
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Upwe l l i ng and  downwe l l i ng events  are a re s pon s e  to wi n d  s t re s s  on the  l ake 
s u rface where , ac cord i ng to Ekman theory ,  the wi nd c a u s e s  a 1 0-20 m th i ck 
s u rfac e l ayer to mov e to the  ri ght  of the wi nd  due  to the  Cori o l i s  forc e .  An 
a l ongs hore wi nd , therefore , tends  to g�nerate a s u rface  c urrent norma l to the  
coas t .  In  ord er to mai ntai n a mas s  ba l an c e  i n  the  coa s ta l  zon e , the  s u rface 
dr i ft mu s t  be  offset  by a .return  c u rr'ent  at l ower l ev e l s wi th the two j o i ned  
together by vert i c� l  mot i on at  the  coast:  Thu s , a wi nd  b l oWi ng  a l ong the  
s hore wi th the  l and  on the  l eft cau s e s  upwe l l i ng and v i c e  vers a . Lake Ontari o 
i s  part i c u l ar l y  s u s c epti b l e  to frequent  upwe l l i ng and  downwe l l i ng epi sod e s  
becau se  of i t g ori entat i on re l ati ve  to t h e  prevai l i ng s ummer wi n d s . T h e  
a l ongs hore components  o f  s u rface  boundary curren ts  i n  1 982  are pres ented i n  
F i g .  1 2 .  Note the  two pronounced  downwe l l i ng events  a l ong the  north s hore i n  
Augu s t .  Each  o f  the se  downwe l l.i n g  epi sodes  i s  acc.ompanj e d  by 1 9-rge we s tward 
c u rrents , ach i ev i ng i n  exces s of 20 cm/ s , s i mi l ar to tho s e  reported by B l anton 
( 33 ) . Upwe l l i ng epi sod e s , wi th eas tward c urren t s , fo l l ow each downwe l l i ng 
epi sode . 
On ce  e s tab l i s hed , a pattern of upwe l l i ng and downwe l l i ng i s  propagated 
counterc l ockwi s e  around  the l ake by Ke l v i n wav e s . Th i s proce s s  i s  
d emon s trated for a s torm i n  �ugu s t  J 982  ( F i g .  1 3 ) .  Mean wi nd  s t re s s  i s  
d e s i gnated by the arrow i n  the  centre of the  l ake , and  a few a l ongs hore wi nd  
s tre s s  components  are  s hown for s e l ected  nears hore l ocat i ons . The  s ame 
i n formati on , after the  s hore l i ne i s  u nfo l ded  i n  a s trai ght  l i ne ,  s tart i ng  from 
the we s t  end  of the  l ake and  proceed i ng i n  a c l ockwi s e  d i rect i on around  the  
peri meter , i s  g i ven  i n  F i g .  1 3 .  The bottom of the  fi gure  presents  the  
re s u l t i ng thermoc l i n e excurs ions  at the s hore , wh i ch  are proport i ona l  to the 
a l ongs hore s t re s s  compon ent i ntegrated over the  durat i on of the  s torm . Note 
that thes e excurs i on s  d i s p l ay a wav e- l i ke vari ati on wi �h the  wav e l ength equal  
to the  peri meter of the l ake . A thermoc l i n e wave of th i s type , wh i ch i s  
confi ned  to a narrow s tr i p near the  coas t ,  i s  known a s  an i nterna l  Ke l v i n 
wav e .  Such  waves  mov e on the i nterface between l ayers  of water of d i fferent 
den s i t i e s b u t , d ue  to the Cori o l i s  forc e  of the  eart� 1 S  rotati on , they remai n 
trapped at the  s hore and  propagate wi th thei r r i ght  s hou l der  to the  s hore , 
i . e .  counterc l ockwi s e  around the  l ake . Duri ng  th i s parti cu l ar event , t h i s 
wav e trav e l l ed at approx i mate l y  20 km/ d . As i nd i cated , c u rrents  abov e the  
thermoc l i n e run  wi th the  s hore on the  l eft i n  upwe l l i ng zone s .  W i th the  
pas s age of the  warm fron t ,  c u rrents  are revers ed . 
HYDROLOGY AND WATER LEVELS 
The water s upp l y  to Lak� Ontari o i s  pri mari l y  dependent  on i nf l ow from 
Lake Eri e v i a  the  N i agara Ri ver and  the We l l and  Cana l . Av erage outf l ow from 
Lake Eri e from 1 900 to 1983 wa s 5 , 800 m3 / s , wh i ch con s t i tuted 
approx i mate l y  85% of the tqta l average outflow of 6 , 800 m3 / s  through the  
St . Lawrence  R i ver  ( 37 ) . An  a�d i t i onal 6 1 0 �3 / s , or 9% of outf l ow ,  i s  
contri buted by on l y  fou r  tri butari e s , the Oswego , Tren t , B l ack and  Gen e s e e  
R i vers  wi th fl ows of 230 , 160 , 1 23 a n d  97  m3 / s , respec t i v e l y ,  ave raged 
over the peri od 1 974 to 1982 . The remai n i ng tri butari e s  and poi nt  source 
d i s c harges  contri bute approx i mate l y  200 m3 / s  ( 38 ) . D i rect prec i p i tat i on 
on the l ake s u rface  ac cou nts  for an add i ti ona l 500 m3 / s  ( 50-year average ) ,  
wh i l e  evaporati on repre s e nts  an average annua l  l os s  of approx i mate l y  530 
m3 / s  ( 3 9 ) . 
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Based  on an average vo l ume of 1 , 640 km3 and  outf l ow of  6 , 800 
m3 / s ,  t he  res i d ence  t i me of water i n  Lake On tari o ,  def i ned  as the  t i me 
req u i red to d i s p l ace  a l l the  water i n  the  l ake , i s  7 . 6  years . T h i s 
e s t i mate , however , a s s umes d i s p l acement  of  l ake water w i th no  mi x i n g  or l os s  
of fre s h  water from the  l ake d u r i ng t h i s per i od . I n  practi c e ,  t h i s i s  not 
the  c as e ,  as  mi x i ng  does  occur , and s ome of the  i nf l ow wi l l  be  d i s charged to 
the  St . Lawrence  R i ver  before reac h i ng the  s ame compos i t i on a s  the  l ake 
water . A l so , d u r i ng  s ummer s trati f i cat i on , i nf l owi ng  water i s  mai n l y  
confi ned  to the  epi l i mn i on wi th l i mi ted mi x i ng wi th  the  hypo l i mn i on .  T h i s 
wi l l  re su l t  i n  a l onger retent i on per i od for hypo l i mn et i c waters . Thoman n  
e t  a l . ( 40)  took th e s e  factors i nto account  i n  the i r phos phorus  mode l and  
pre d i cted  a respon s e  t i me of up  to  20 years to ach i eve  equ i l i br i um changes  
i n  i nf l ow concentrat i on . 
Wh i l e  e x c hange of hypol i mn et i c waters i s  reduced d u e  to s trati f i c at i on ,  
i t  i s  great l y  i n creased  i n  the epi l i mn i on .  For i n s t an c e , the  av erage 
epi l i mn i on th i ckn e$S for J u l y  to September , 1 98 1  and  1 982 was 2 2 m i n  the  
mai n l ake ( ex c l u d i ng the  Ki n g s ton bas i n ) , for an equ i v a l ent  vo l ume of  
approx i mate l y  1 80 km3 • I f  a l l i n fl ow i s  a s s umed restr i cted  to the  
epi l i mn i on ,  then  the  reten t i on t i me of th i s l ayer over  t h e s e  three  mont h s  i s  
actua l l y  3 . 5  years . Con s i d ered another way , i nf l ow to the  ep i l i mn i on d u ri ng 
J u l y ,  Augu s t  and  Septemb er con s t i tutes  rough l y  one-t h i rd of  the  ep i l i mn i on 
vo l ume . Th i s s hort retent i on t i me wi l l  l i ke l y  p l ay an i mportant ro l e  i n  the  
respon s e  of Lake On tari o to  l oad i ng reduct i ons . 
The  prev i ou s  d i s c u s s i on i s  based  on l ong-term av erage cond i t i on s . I n  
actua l  fac t , rate s  o f  i nput  and  l os s  and , con s equent l y ,  s torage , a l l s how a 
marked s easona l  and  annua l  vari at i on . Water l ev e l s of  Lake Ontari o ,  whi c h  
represent  changes  i n  s torage , have been- sys temat i c a l l y  mea s u red s i n c e  t h e  
mi d-n i neteenth  century .  Mean mon th l y  l ev e l s ov er the  per i od for wh i ch 
n utri ent  data are avai l ab l e ( 1 967-82 ) are s hown i n  F i g .  1 4 .  I n c l uded  are 
the l ong-term average mon th l y  l ev e l s as  a poi n t  of reference . Note that a 
change of 0 . 1 m repre s e nts  a change i n  vo l ume of  approx i ma te l y  2 kms . 
The  mo s t  obv i ou s  feature i s  the  h i gh water l ev e l s experi enced  i n  1 972 , 1 973 , 
1 974 , 1 97 6  and  1 978 . T h e s e  e l evated l ev e l s repre s ent  e i ther  a re l at i v e l y  
rap i d  respon s e  t o  i n creased  prec i p i tat i on wi t h i n the  Lake Ontar i o  dra i nage 
bas i n ,  as  was the cas e i n  1 972  and 1 97 6 , or a l onger-term , l agged re spon s e  
t o  i n creased  prec i p i tat i on ov er t h e  ent i re Great Lakes  bas i n ,  a s  was 
obs erved i n  1 973 and 1 978 . The e nt i re s easona l  progres s i on of  water l ev e l s 
from 1 97 6  to 1 978  i s  of part i cu l ar i mportan c e  to th i s s tudy a s  i t  coi n c i d e s  
wi th a per i od dur i ng wh i c h there was a rap i d l os s  o f  a s u b s tant i a l  quant i ty 
of n u tr i ents  and  con tami nants  from the l ake . The  h i gh l ake l ev e l s o f  1 97 6  
were pr i mari l y  a re su l t  o f  a marked i n creas e  i n  prec i p i tat i on wi th i n  the  
Lake Ontari o bas i n  i n  the fi r st  ha l f of the year . Mi l d  cond i t i on s  d u ri ng 
the  1 97 6-77 wi nter , coup l ed wi th redu c ed prec i p i tat i on d u r i ng  the w i nter  and  
spr i ng , res u l ted i n  ex treme l y  l ow water l ev e l s i n  the s ummer of 1 97 7 . 
Howev er , prec i p i tat i on over the ent i re Great Lakes bas i n  i n creased  
dramat i c a l l y  i n  the l atter ha l f of 1 977 and throughout mos t  of  1 978 , 
produ c i ng n ear record h i g h s  i n  l ake l ev e l s throughout the  1 977-78 wi nter . 
THERMAL CYCLE 
The  th ermal regi me of Lake Ontari o i s  typ i c a l  of northern temperate 
d i mi c t i c l akes , yet con s i derab l e year-to-year d i fferen c e s  i n  the rate s  of 
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AVERAGE MONTHLY WATER LEVELS IN LAKE ONTARIO, 1 967-1 982. 
o = Actual monthly water level. o = Long-term water level. 
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s ea s o n a l  heat i ng and c oo l i ng a re apparent ( F i g .  1 5 ) .  O f  s pec i a l i nt e r e s t  a re 
t h e  two i nt e n s i ve years , 1 981 and 1 98 2 ,  wh i c h  e xh i b i t  ma rked l y  d i f f e rent 
t h e rma l c yc l e s . S p r i ng wa rmi ng i n  1 982 wa s d e l ayed re l at i ve to 1 981 due to 
c oo l e r  a i r temp e ra t u r e s  and i n c rea s ed c l oud c o ve r . F u rth e rmo re , the s umme r o f  
1 982  wa s repo rted to b e  t h e  c o l de s t  on rec o rd f o r  s o ut h e rn Onta r i o s i nc e  1 929 
( 41 ) .  Con s equent l y ,  a v e rage s umme r  ( J u l y-Septemb e r )  temp e ra t u r e s  ( as 0-1 0 m 
v o l ume-we i ghted a v e rage s )  we re approx i mate l y  2 c o  h i gh e r  i n  1 981 than 1 982 . 
Tempe rature f ea t u r e s  e v i d e n t  i n  the s u r f a c e  wat e r s  o f  Lake Onta r i o i n  1 981 
we re thus d e l aled by two to th ree wee k s  i n  1 982 . I n  add i t i on ,  the a v e rage 
mi x i ng d epth ( Zmi x >  d u r i ng pe r i od s o f  the rma l s t rat i f i ca t i on i n  1 981 was 
a p p ro x i mate l y  32% ,  o r  3 m  d e e p e r  than i n  1 982  ( F i g .  1 6 ) . 
I n  g e n e ra l , t h e  s pat i a l  d i s t r i b ut i on o f  s u r f a c e  temp e rature i s  a 
r e f l e ct i on o f  l ak e  bathymet ry , mod i f i ed by wi nd s t re s s  a n d  c i rc u l at i on 
patte rn s , wi th t h e  s h a l l owe r n e a r s h o re a re a s  wa rmi ng f a s te r  i n  the s p r i ng and 
c oo l i ng mo r e  rap i d l y  i n  the f a l l .  In  Ma rc h , the l ak e  i s  e s s ent i a l l y  
i sot h e rma l a t  tempe rat u r e s  l e s s  than 2 ° C . M i n o r  h o r i zon ta l and ve rt i c a l  
g rad i en t s  a r e  i n  e v i d e n c e ,  re l ated p r i ma r i l y  t o  e xt e rna l i nputs , b u t  a re o f  
i n s u f f i c i en t  magn i tude t o  re s i s t mi x i ng .  The d e ve l opme n t  and s ub s equent 
o f f s ho re mi g rat i on of  t h e  the rma l b a r  oc c u r s  d u ri ng A p r i l ,  May and J u n e . I t  
a p p e a r s  i n i t i a l l y  i n  e a r l y  Ap r i l a l on g  t h e  s ha l l owe r no rth s ho r e  i n  the 
v i c i n i ty of Toronto and t h e  maj o r  t r i b uta r i e s , d e ve l op i n g rapi d l y  s uc h  that i t  
i s  c o nt i n uo u s  a l ong t h e  n o rth s hore b y  t h e  end o f  Ap r i l and a round the ent i re 
l ak e  by mi d -May . O f f s ho re p ro g re s s i on o f  t h e  t h e rma l ba r at th i s  t i me i s  
c on s i d e rab l y  more advan c ed a l on g  the n o rth s ho r e  ( �20-25 km o f f s ho r e )  d ue to 
i ts s h a l l owe r d epth , c ompa red to approx i mate l y  1 0  km o f f s h o r e  a l on g  the s o uth 
s h o re ( 23 ) . 
The the rma l b a r  u s ua l l y  d i s s i pates by mi d -J u n e , s i gn a l l i ng the 
e s tab l i s hmen t  of l akewi d e  t h e rma l s t rat i f i c at i on , a l though th i s  d i d  not oc c u r 
u n t i l the b eg i n n i ng o f  J u l y  i n  1 982 { 23 ) . I n  a s s oc i at i o n wi th the on s et o f  
s t rat i f i c at i on ,  c u r rent s peed s b e g i n to i nc rea s e ,  d u e  pa rt i a l l y  to g reate r 
wi nd s peeds and a red uc t i on i n  a i r - l ake temp e ratu re d i f f e ren c e s  ( 36 ) . Th i s  
s t rengthen i ng o f  t h e  ant i c yc l on i c  c i rc u l at i on patte rn , wh i c h domi nate s the 
e p i l i mn i on i n  the s umme r ,  s e rv e s  to ma i nta i n  a sma l l c e n t r a l  c o re of c oo l e r ,  
l e s s  d e n s e  wat e r .  
D u r i ng t h e  s umme r mon t h s  o f  J u l y  to Septembe r ,  the e p i l i mn i on i s  s ha l l ow ,  
a v e rag i ng 9 . 5  m i n t h e  o f f s hore wate r s  i n  1 981 and 7 . 1 m i n 1 982 . Howeve r ,  
t h e  d epth o f  the th e rmoc l i n e wa s h i gh l y  v a r i ab l e  d u e  t o  the o r i entat i on o f  the 
l ake re l at i v e  to t h e  p re va i l i ng we s t e r l y wi n d s . S i n c e  t h e  l on g i tud i na l  a x i s 
o f  t h e  l ak e  l i e s a l mo s t  p a ra l l e l to the p re v a i l i ng wi n d s , the l ake i s  h i gh l y  
s u s c ept i b l e  t o  wi nd s t re s s ,  c a u s i ng upwe l l i ng events a l o n g  the we s t  and 
n o rthwe s t  s ho re l i ne .  Th i s  re s u l t s i n  a l a rge we s t-to-e a s t  temp e ratu re 
g rad i en t ,  a s  we l l  as a p redomi nant t i l t  i n  t h e  the rmoc l i n e .  
Th i s  p h e n omenon wa s stud i ed i n  c on s i d e ra b l e  deta i l i n  1 982 by S i mo n s  and 
Sc h e rt z e r ( 27 )  u s i ng an a r ray of temp e ra t u re p ro f i l e s  a l ong a no rth -s outh 
c ro s s  s e c t i on of t h e  l ake extend i ng f rom Po rt Hope , Onta r i o  to Po i nt B r e e ze , 
New York . A s e l e c t i on o f  the i r res u l t s i s  p re s e nted i n  F i g .  1 7  f o r  J u l y  1 8  to 
Aug u s t  26 . I t  i s  apparent that upwe l l i ng events we re e x t reme l y  p e rs i s tent 
t h ro ughout J u l y  and muc h  of Aug u s t  and S eptemb e r  of 1 982 . I n  c on t ra s t ,  
upwe l l i ng wa s apparent on l y  d u r i ng J u l y  o f  1 981 . Note a s  we l l  the " d omi n g "  
e f f e c t  a l on g  t h e  s outh s h o re p roduced by t h e  c ou n te rc l oc kwi s e  c i rc u l at i on 
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FIGURE 1 7. TWO-DAY AVERAGES OF TEMPERATURE DISTRIBUTIONS IN CROSS SECTION 
OF LAKE ONTARIO BETWEEN PORT HOPE AND POINT BREEZE. 
Source: Reference (27). 
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pattern . A s i mi l ar phenomenon was reported by Sev i gny et  a l . ( 4 3 )  i n  the  Gu l f  
of St . Lawrence  and  i s ,  i n  fac t ,  a characteri s t i c feature of  cyc l on i c gyres. 
The coo l i ng cyc l e i n  the  s u rfac e  waters  begi n s  i n  September  and  i s  wel l 
advanced  by October , parti c u l ar l y  a l ong the s h a l l ower northwe s t  s hore where 
upwe l l i ng prod u c e s  s u rfac e  temperatures  of 4-5 ° C ,  compared to 1 0- l 5°C  i n  the 
southeas t .  The  cont i n u ed coo l i ng and  s u b s equent  s i nki ng of  s ur fa c e  waters , 
comb i ned  wi th wi nd- i n d u c ed mi x i ng , re s u l t s  i n  a s t eady eros i on of the  
meta l i mn i on and a_corre s pon d i ng  i ncrease  i n  ep i l i mn i on t h i ckn e s s ( F i g .  1 6 ) .  
By October 1 98 1 , Zmi x was 38 m and , by Nov ember , the  l ake had comp l ete l y  
turned  ov e r .  De sp i te hav i n g  l ower s ummer temperatures , the  1 982_cyc l e of 
coo l i ng and  d eepen i ng of the  th ermoc l i n e was retarded s u ch that Zmi x was 
on l y  1 9  m i n  October and 5 6  m by November . By ear l y  December , s u rfac e  
temp eratures  ranged from 2 . 2  t o  7 . 1 ° C .  Warme s t  t emperatures  were found  
mi d l ake i n  the  Roc h e s ter  bas i n  area , l i ke l y  mai ntai ned  by the  cou n terc l ockwi s e  
c i rcu l at i on pattern a n d  t h e  exces s i ve depths  of th i s regi on . The d i fferen t i a l  
cool i ng of  the  s u rfac e  waters  a l so  produ c ed i n i t i a l deve l opmen t  of a wi nter  
th ermal bar a l ong the  south s hore , wh ere temperatures  nearshore were l e s s  than 
4° C .  
MAJOR IONS . SPECI FIC  CONDUCTANCE AND TOTAL DISSOLVED SOLI DS 
Load i ngs of Major Ion s  
The  i on i c compos i t i on of Lake Ontari o i s  gov erned l arge l y  by the  
compos i t i on of Lake Eri e i n f l ow v i a the  N i agara R i ver , mod i f i ed to some extent  
by i nput s  from both the  atmosphere and  the  dra i nage bas i n .  Mas s ba l ance  
c a l c u l at i on s  for the  i on s  were h i ndered due  to  a l ack  of tr i butary d ata wi th 
wh i ch to e s t i mate wi t h i n-bas i n  l oad i ngs . As an a l ternat i v e  approach , l oad i ng 
e s t i mat e s  for the  N i agara ( as mea s u red at N i agara-on-the- Lake ) and  the  
St . Lawrence  ( as mea s u red i n  the  south c h an n e l  at Wo l fe I s l an d )  R i vers  were 
compared to amb i ent  l ev e l s observed i n  Lake Ontari o .  An nua l  mean i on 
concentrat i on s  and  l oad i ng e s t i mates  for the N i agara and  the  St . Lawrence  
R i vers  for 1 977  to 1 983  are presented  i n  Tab l e s  1 and 2 .  Surface ( 1  m)  mean 
concentrat i o n s  for Lake Ontari o ,  as ca l c u l ated from s even  l akewi d e  cru i s e s  
conducted  i n  1 98 1  a n d  1 982 , are presented  i n  Tab l e s  6 to 1 1 .  
Between  1 977  and 1 983 , St . Lawrence  Ri ver  l oad i ng  e s t i mates  of ca2+ , 
K+ , Mg2+ and a l ka l i n i ty were , on the average , 2 1 , 2 1 ,  1 6  and  1 5% h i gher  
than N i agara R i ver  l oad s , respect i v e l y .  Th e s e  l ev e l s corre s pond to the  1 8% 
d i ffere n c e  i n  water d i s charge noted for the  s ame peri od between the two 
r i vers . S u l phate l oad i ngs  at the  St . Lawrence  Ri ver were , on average , 24% 
( 1 . 6  x 1 06 t / a )  h i gher  than at the N i agara R i ver , s u gge s t i ng  mod erate l y  
e l evated wi th i n-bas i n l oad i ngs . Tota l wi th i n-bas i n  l oad i ngs  o f  s u l phate 
cannot be  c a l c u l ated , as  no data are avai l ab l e for Ontari o tri butari e s . 
However , New York tri butari e s  contri buted approxi mate l y  7 . 5  x 1 05 t /a  of 
s u l phate whi l e  atmospheri c depos i t i on accounted for a further 5 . 7  x 1 04 
t / a  l oad ( 1 98 1  and  1 982 data ) . 
Av erage i n crea s e s  i n  l oad of 35% and  38% for sod i um and  c h l or i d e ,  
respec t i v e l y ,  between the  N i agara and St . Lawrence  R i vers  i nd i cate that 
con s i d erab l e wi t h i n-bas i n contri but i ons  are occ urri ng . The annua l  i ncrease  i n  
c h l ori d e  l oad i n  1 98 1  and 1 982 averaged 2 . 49 x 1 06 t /a . Tota l  annua l  
tri butary l oad for Ontari o and  New  York for the se  two years was approx i mate l y  
1 . 7 6  x 1 0 6 t / a , o r  7 1 %  o f  th i s l oad , wh i l e  atmospheri c contri but i ons  of 
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TABLE 1 
ANNUAL LOAD AND MEAN ANNUAL CONCENTRATION 
OF MAJOR IONS I N  THE N IAGARA RIVER , 1 97 6 - 1 984 




2+ so 2-4 C1
- Mg2+ Na+ K+ 
( X 1 07 ) ( x 1 0 6 ) ( x 1 06 ) ( X 1 06 ) ( x 1 06 ) ( x 1 06 ) ( X 1 05 ) 
1 97 6  1 .  978  8 . 1 53 5 . 398  4 . 587 1 . 707 2 . 224 2 . 843 
1 977 1 .  7 68 7 . 2 1 4  4 .  775  4 . 2 95 1 .  538  2 . 06 1  2 . 7 1 3  
1 978  1 .  799  7 . 2 1 6 4 . 886  4 . 397 1 . 6 1 2  2 . 088  2 .  7 2 1  
1 979  1 .  836  7 . 262 4 . 95 6  4 . 3 1 6 1 .  6 1 6 2 . 1 07 2 . 748 
1 980 1 .  862 7 . 376  5 . 1 93 4 . 1 44 1 .  707 2 . 077  2 . 869  
1 98 1  1 . 87 9  7 . 27 1  4 . 869  3 . 8 1 0  1 .  6 1 7 1 .  933 2 . 554 
1 982  1 .  983  7 . 3 1 0  4 . 949 3 . 640 1 . 599  1 . 864 2 .  723  
1 983  2 . 008 7 . 344 5 . 377  3 . 54 1  1 .  6 99  1 . 848 2 . 80 1  
1 984 1 .  972 7 . 1 63 5 . 226 3 . 483  1 .  633 1 .  857 2 . 747 
CONCENTRATION mo/ L)  
1 97 6  92 . 6  37 . 39 25 . 3  2 1 . 5  8 . 0  1 0 . 4  1 . 3 
1 977  9 1 . 3  38 . 2  24 . 7  22 . 2  7 . 9  1 0 . 7  1 . 4 
1 97 8  90 . 2  37 . 3  24 . 5  22 . 0  8 . 1  1 0 . 5  1 . 4 
1 97 9  9 1 . 0  36 . 2  24 . 6  2 1 . 4  8 . 0  1 0 . 5  1 . 4 
1 980 88 . 7  3 6 . 0  24 . 7  1 9 . 7  8 . 1  9 . 9  1 . 4 
1 98 1  93 . 6  35 . 1  24 . 3  1 9 . 0 8 . 1  9 .  6 '  1 . 3 
1 982  9 9 . 4  36 . 2  24 . 7  1 8 . 2  8 . 0  9 . 3  1 . 4 
1 983 97 . 1  36 . 5  26 . 0  1 7 .  1 8 . 2  9 . 0  1 . 4 
1 984 95 . 4  34 . 6  25 . 3  1 6 . 8  7 . 9  9 . 0  1 . 3 
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TABLE 2 
ANNUAL LOAD AND MEAN ANNUAL CONCENTRATI ON 
OF MAJOR IONS I N  THE  ST . LAWRENCE RIVER , 1 977 - 1 984 
LOAD ( t / a )  
YEAR HCO
- Ca 2+ so 2
- C1 - Mg 2+ Na+ K+ 3 4 
( x 1 0 7 ) ( x 1 06 ) ( x 1 06 ) ( x 1 06 ) ( x 1 06 ) < x 1 06 ) ( x 1 05 ) 
1 977 2 .  1 33 9 .  170 6 . 377 6 . 552  1 .  874 3 . 075  3 . 445 
1 978  2 . 2 1 3  9 . 392  6 . 620 6 . 803 1 .  965  3 .  1 87 3 . 553  
1 97 9  2 . 2 60 9 . 337 6 . 627  6 . 7 60 1 . 9 7 1  3 . 2 1 0  3 . 506 
1 980 2 .  1 97 9 � 225  6 . 57 1  6 . 6 1 8  1 .  962  3 . 1 05 3 . 5 1 4  
1 98 1  2 .· 1 95 9 .  1 1 8  6 . 394 6 . 37 9  1 . 9 1 5 3 . 004 3 . 3 1 6  
1 982 2 . 3 1 0  9 . 230 6 . 595 6 . 249 1 .  883 2 . 977  3 . 377  
1 983  2 . 2 1 2  9 . 001  6 . 767 6 . 1 72 1 . 9 1 4 2 . 947 3 . 447 
1 984 2 . 327  9 . 2 29  6 . 882 6 . 333 1.  949 3 . 1 08 3 . 565 
CONCENTRATION ( ma / L )  
1 977  89 . 8  38 . 7  2 6 . 9  27 . 5  7 . 9  1 2 . 9  1 . 5 
1 978 89 . 3  38 . 1 2 6 . 7  27 . 4  8 . 0  1 2 . 9  1 . 4 
1 979  9 1 . 2  37 . 8  2 6 . 7  27 . 2  8 . 0  1 2 . 9  1 . 4 
1 980 89 . 0  37 . 5  2 6 . 6  2 6 . 8  8 . 0  1 2 . 6  1 . 4 
1 98 1  90 . 6  37 . 4  2 6 . 2  2 6 . 1 7 . 8 1 2 . 3  1 . 4 
1 982  95 . 5  38 . 3  27 . 3  25 . 9  7 . 8  1 2 . 4 1 . 4 
1 983 9 1 . 9  37 . 3  28 . 1 25 . 6  7 . 9  1 2 . 2  1 . 4 
1 984 92 . 6  36 . 8  27 . 3  25 . 1  7 . 8  1 2 . 4 1 . 4 
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c h l ori de  were mi n i ma l , av erag i ng  6 . 24 x 1 0 3 t / a . No i nformati on was 
avai l ab l e wi th respect  to ch l ori de  l oad from i nd u s tr i a l  or mun i c i pa l  sources  
for 1 98 1  and 1 982 , but  Sonzogn i  et a l . ( 44 )  e s t i mated ch l or i de  l oad to  Lake 
Ontari o from d i rect  poi nt sourc e s  to be 1 . 05 x 1 05 t / a  dur i ng  the 1 970s . 
The s i ng l e most  s i gn i fi cant source of c h l ori de wi t h i n the  Lake Ontari o 
bas i n i s  the  Oswego Ri ver , the  l argest  tri butary i n  the  bas i n .  I n  1 98 1  and  
1 982 , c h l or i de  l ev e l s at the  ri ver  mouth av eraged 1 96 mg / L  wi th a max i mum 
reported conc en trat i on of 360 mg / L .  A l though l ev e l s i n  some Ontari o 
tri butari es  were a s  h i gh or h i gher  duri ng the  s ame per i od ( Don R i ver  -
296 mg/ L ;  Etobi coke Creek - 3 1 2  mg/ L ;  H i gh l and Creek - 1 94 mg/ L ) , the  Oswego 
Ri ver  contri bu ted approx i mate l y  65% of the total tri butary c h l ori d e  l oad . 
Effl er  et a l . ( 45 )  determi ned  that , from 1 970 to 1 98 1 , the  mean annua l  r e l ease  
of  ch l or i de  from Onondaga Lake to  the  Oswego Ri ver  was  7 . 65 x 1 05 t ,  of  
wh i ch 85% was  attri butab l e to  d i s charge from an adj acent  c h l oral ka l i p l an t .  
Trends  i n  Major Ions  and Spec i fi c Conductance  
Beeton ( 2 )  c i ted an i n crease  i n  maj or i on s  between 1 9 1 0  and  1 965 a s  
i nd i cat i v e  of eutroph i cati on a l though there i s  no cau sat i ve  r e l ati ons h i p .  
The s e  i nc reas e s , howev e r ,  do refl ect  the i nf l uence  of human act i v i t i e s o n  Lake 
Ontar i o .  Dob son ( 46 )  prov i ded rates of change for the maj or i on s  i n  the  
offshore waters  of Lake Ontari o up  to 1 966 , recogn i z i ng that earl i er data were 
based pri mari l y  on n ears hore or water i ntake samp l i ng .  S i n c e  i on i c 
concentrat i o n s  i n  the  nears hore are u s ua l l y  h i gher  than offs hore , i nc l u s i on of 
these  data wou l d  l i ke l y  cau s e  any i n creas i ng trends to be  b i a s ed l ow .  Dobson 
( 46 )  found that c h l ori d e ,  sod i um ,  s u l phate and  ca l c i um were exh i b i t i ng 
i nc reas e s  of 0 . 49 ,  0 . 2 6 ,  0 . 1 7  and O .J 1  mg / L• a ,  respect i v e l y .  
Samp l i ng for maj or i on s  i n  the offshore waters o f  Lake Ontari o between 
1 967 and  1 974 was l i mi ted , but  spr i ng samp l i ng was con s i sten t l y  u ndertaken 
begi n n i ng  i n  1 975 . In addi ti on , weekl y s amp l i ng of maj or. i on s  began i n  1 975  
for the N i agara R i ver  and i n  1 977  for the  St . Lawren ce  Ri v e r : Trend ana l ys e s  
o f  maj or i on s  from 1 977 to 1 983  a t  t h e  three l ocat i on s  are pres ented i n  
Tab l e 3 .  I t  i s  apparent from the more recent data that changes  i n  i on i c 
l ev e l s between 1 977 and  1 983  were con s i derab l y  d i fferent from tho s e  reported 
by Dob son ( 46 ) . Both the N i agara and  the  St . Lawren c e  Ri vers  exh i b i ted 
s i gn i fi cant l y  ( p  <0 . 05 )  decreas i ng l ev e l s of spec i f i c conductance  whereas a 
s l i gh t ,  but  non s i g n i fi cant dec reas i ng trend was observ ed i n  Lake Ontari o .  I n  
the r i vers , on l y  ca l c i um i n  the  N i agara Ri ver  and magn e s i um i n  the  St . 
Lawrenc e  Ri ver  s howed no s i gn i fi cant change over the  s i x-year per i od . Mos t  
apparent  were the s i gn i fi can t l y  ( p  <0 . 05 )  decreas i ng trends  i n  ch l or i de  and  
sod i um , and the  i n c reas i ng trend  i n  a l kal i n i ty whi c h  were obs erved at a l l 
l ocat i on s . 
The gen era l decrease  i n  sod i um ch l or i de  l ev e l s throughout the  sys tem 
l i ke l y  refl ects  the  decrease  i n  l oad i ng s  to the Detroi t Ri v e r  from the 
Detroi t-Wi nd sor i nd u s tr i a l  comp l ex as  a re s u l t of a 40% reduct i on b etween  1 97 1  
and 1 973  i n  c h l ori d e  d i s charge of s ev eral maj or i nd u s tr i es  ( 44 ) . I t  wou l d  
appear , howeve r ,  that l i tt l e reduct i on has  occurred i n  the  wi th i n-bas i n l oad 
of sod i um ch l ori de to Lake Ontari o ,  based  on the d i fferent i a l  l oad i ng of 
ch l or i de  between  the  N i agara and the St . Lawren c e  R i v e r s  ( F i g .  1 8 ) .  
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TABLE 3 
TRENDS I N  SPECI F I C  CONDUCTANCE AND MAJOR IONS I N  N I AGARA RIVER , 
LAKE ONTARIO AND ST . LAWRENCE RIVER , 1 97 7  - 1 98 3  
N IAGARA RIVER LAKE ONTARIO ST . LAWRENCE RIVER 
Spec i fi c  
Conductance  -2 . 56"'  ( r=-0 . 9 1 ) -0 . 4 1  ( r=-0 . 1 0 )  - 1  . 28"' ( r=-0 . 88 )  
Cal c i um -0 . 04 ( r=-0 . 1 3 ) -0 . 1 7 "' ( r=-0 . 60)  -0 . 1 9"' ( r=-0 . 46 )  
Mag n e s i um +0 . 02"' ( r=O . 3 7 )  -0 . 02 ( r=-0 . 46 )  -0 . 02 ( r=0 . 46 )  
Sod i um -0 . 3 l "' ( r=-0 . 98 )  -0 . 07 "' ( r=-0 . 56 )  -0 . 1 5 "' ( r=-0 . 98 )  
Pota s s i um -O . O l "' ( r=-0 . 62 )  +0 . 00 ( r=0 . 2 0 )  -0 . 0 1 "' ( r=-0 . 68 )  
Ch l ori d e  -0 . 90"' ( r=-0 . 9 9 )  -0 . 38"' ( r=-0 . 94) -0 . 36"' ( r=-0 . 9 7 )  
S u l phate +0 . 1 4"' ( r=0 . 52 )  -0 . 1 2  ( r=-0 . 25 )  +0 . 1 6"' ( r=0 . 54 )  
A l ka l i n i ty + 1 . 69"' ( r=0 . 7 9 )  +0 . 64"' ( r=0 . 78 )  +0 . 78"' ( r=0 . 7 1 ) 
1 .  Un i ts a s  mg/ L • a  except  for spec i fi c  condu c tance  wh i ch i s  �S / a .  
2 .  N i agara and  S t .  Lawren c e  R i ver  s amp l e s are tota l ; Lake Ontari o are  fi l tered . 
Trend l i ne s i gn i fi can t l y  ( p  <0 . 05 )  d i fferent from zero . 
TABLE 4 
COMPARISON OF CALCULATED AND MEASURED TOTAL DISSOLVED 
SOLI DS IN LAKE ONTARIO 
SPECI F I C  
CONDUCTANCE CALCULATED M EASURED 
AT 2 5 ° C  TDS TDS 
October 1 98 3  3 1 0 . 7  ± 1 4 . 9  201 . 9  ± 9 . 7  1 80 . 2  ± 1 0 . 6  
Apri  1 1 986  3 1 0 . 6  ± 48 . 9  20 1 . 9  ± 3 1 . 8  2 1 9 . 3  ± 5 1 . 5  
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RATIO TDS / 
SPECI F IC  
CONDUCTANCE 
0 . 58 ± 0 . 03 
0 . 72 ± 0 . 20 
A l ka l i n i ty and ca l c i um a l so  exh i bi ted s i gn i fi cant trends  from 1 977  to 1 983 
( F i gs .  1 9  and 20) . A l ka l i n i ty demon strated a s i gn i fi cant l y  (p <0 . 05 )  
i nc reas i ng trend i n  t h e  N i agara and t h e  St . Lawrence  Ri vers  a n d  i n  Lake 
Ontari o ,  the  largest  i nc rea s e  ( 1 . 69 mg / L• a )  be jpg  i n  the N i agara Ri ver . 
Thi s contras t� wi th a decreas i ng trend i n  c a l c i um i n  Lake Ontar i o and i n  the 
St . Lawrence  Ri ver . Both vari ab l es  are dynami c ,  e xh i b i t i ng  marked s easona l  
vari ati on due  to  b i ogen i ca l l y  i nduced  epi l i mnet i c deca l c i f i c ati on  d u ri ng  the  
strat i fi ed per i od . Th i s  was apparent from mon i tori ng  carri ed out  at Wo l fe 
I s l and on the St . Lawrence  R i ver , where mi n i mum l ev e l s occ urred dur i ng  J u l y  to 
September . 
,, 
·W h i l e  i ncreases  i n· s u·i phate i n  the N i agara and the  St . Lawren c e  Ri vers  
were s i g n i fi cant  (p  <0 . 05 ) , the  change  total s l e s s  than  ·1 % per  year and , i n  
fact , was not detectab l e i n  Lake Ontari o .  S i n c e  l ake re � u l t s  are based  on 
fi l tered s amp l e s  a s  oppos ed to total i n  the  ri vers , t� i s may have i nf l uenced 
the obs e rv ed d i fferen c e .  
Total  Di s sol ved  Sol i d s 
.l n both the  1 972 and the  1 978  Agreements , an  obj ecti v e  of 200 mg/ L  of TDS 
i s  spec i fi ed for Lake Ontari o .  S i n c e  1 97 5 , TDS has  been  determi n ed ac cord i ng 
to the  formu l a : 
TDS = SC2 5 x 0 . 65 
;Wher:e: SC2 s = spec i f i C COnductance  at 25°C . 
...... 
Speci f i c conductance  i s  a mea s u re of the  total i on i c s trength of the  water 
and , con s equen t l y ,  i s  d i rec t l y  proporti onal  to the concentrati ons  of the maj or 
i on s  and to TDS . TDS l ev e l s i n  the s u rfac e waters of Lake Ontari o ,  ca l c u l ated 
i n  th i s  man n e r ,  have been  reported i n  exces s of the Agreement  obj ecti v e  s i nce  
1 975 . 
Duri ng  two open l ake cru i s e s  i n  October  1 983 and Apri l 1 986 , s amp l es  were 
co l l ected from the 1 m depth at 60 and 29 stati ons , respect i v e l y ,  for TO� 
a·na 1 YS i  s and compared to TDS res·u l ts  ca 1 c u l  a ted from spec i fi c conductanc e .  
There was a s i g n i f i cant  d i fference  ( p  <0 . 00 1 ) between  ca l c u l ated TDS and 
meas u red TDS .for both cru i s e s  ( Tab 1 e 4 ) . 
Duri n g  the  October 1 983  cru i s e ,  l akewi de mea s u red TDS averaged 1 80 mg / L  
wh i l e  i t  averaged 2 1 9  mg / L  i n  Apri l 1 986 . I n  general , the  re l at i on s h i p  
b etween  conduct i v i ty ( or c a l c u l ated TDS ) and actua l  TDS was poor and not 
con s i s tent  between the two c ru i �es . Furthermore , no s i gn i fi cant l i near 
re l at i ons h i p  between  the two vari ab l e s  was apparent from the ana l ys i s .  
Cons equen t l y  i t  i s  recommended that , i n  future , comp l i an c e  wi th the  obj ecti ve  
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4 Eutrophication 
DISTR I BUTION OF WATER  QUALITY VARIABLES 
Spati a l  heterogene i ty has been recogn i zed to be  i mportant i n  a l ake • s 
re s i s tance  to eutroph i cati on ( 2 5 , 2 6 ) . Con s i deri ng the  l ev e l  of effort be i ng 
expended to reduce  the extent of eutrop h i cati on of Lake Ontari o ,  i t  becomes 
of con s i derab l e i mportanc e ,  then , to have an understan d i ng of  the 
d i s tri but i on of c h emi c a l  and b i o l og i ca l  con s t i tuents  wi th i n the  l ake , as 
we l l  as the  under l yi n g  respon s i b l e  mec h an i sms .  
Seasonal  Di s tri but i on s 
Nutri ent  d i s tri but i on  i n  the  offshore waters  of Lake Ontar i o i s  the  net  
res u l t of anthropogen i c i nputs , thermal s tructure , c i rcu l at i on p roce s s es , 
a s s i mi l at i on by phytop l ankton and regenerati on wi th i n  the  water col umn 
( 47 ) . Maxi mum concentrat i on s  are general l y  obs erved dur i n g  the spr i ng  i n  
the  nearshore zone s , a s soc i ated wi th  i nc reased l oad i ng s  due  to tri butary 
runoff and wi th  thermal bar formati on ,  whi ch  restri cts  nears hore-offshore 
water  mas s  exchange . Accompanyi ng the se  h i g h  nutri ent  l ev e l s i s  a spr i ng 
p u l s e  of phytopl an kton growth , compri s ed pri mari l y  of d i atoms ( 48 ) . 
Producti on . of t h e  v ernal  d i atom c rop i s  attri bu ted to a comb i nat i on of 
factors , i nc l ud i ng l i ght  avai l ab i l i ty ,  temperature and phys i ca l  regi me 
( 49 , 50) . Thi s proce s s  i s  a cce l erated i n  the  warmer , nutr i ent-ri ch  n ears hore 
areas and , i f  of s u ffi c i ent  magn i tude  to exc eed l oadi ng rates , c an l ead to 
dep l eti on of d i s so l v ed nutri ents  i n  the  nearshore re l ati v e  to the  offshore 
due to a s s i mi l at i on of avai l ab l e d i s so l v ed nutri ents  i nto parti c u l ate  ( i . e .  
phytop l ankton i c )  matter . 
Wi th  thermal s trati fi cati on , the  epi l i mn i on and hypo l i mn i on are 
effec t i v e l y  i so l ated from one another . S u b s equent  l os s e s  of col l oi da l  and 
parti c u l ate  frac ti on s from the trophogen i c zone typ i ca l l y  resu l t  i n  a s ummer 
mi n i mum i n  the  s urface  waters ,  wh i l e  decompo s i t i on of th i s materi a l i n  the  
tropho l yt i c zone enr i ches  so l ub i l i zed frac t i ons  i n  the  hypo l i mn i on .  
Epi l i mnet i c nutr i ent  con centrati ons , i n  general . i ncrea s e  i n  the  fa l l as  the  
deepen i ng thermoc l i ne entrai n s  waters from the  nutr i ent-ri c h  hypo l i mn i on .  
Th i s b i moda l  d i s tr i but i on , wi th  max i ma i n  s pri ng  and  fa l l . i s  characteri s t i c 
of moderate l y  product i v e . d i mi ct i c l akes . 
The  s easonal  d i s tr i but i on of total fi l tered P ,  N03 + N02 and 
so l u b l e reac t i v e  s i l i ca i n  Lake Ontari o fo l l owed the  typ i c a l  pattern of 
epi l i mnet i c dep l eti on and  hypo l i mn eti c enr i chment duri ng the  s trati fi ed 
peri od i n  1 98 1  and 1 982 . Total  P ,  i n  contra s t , ex h i b i ted a s ub s tant i a l l y  
a l tered pattern , wi th  ep i l i mnet i c conc entrat i on s  i n creas i ng s ub s tanti a l l y  
d ur i ng thermal s trati fi cat i on ( s ee  page 1 24 ) . Hypo l i mnet i c tota l P tended 
to fo l l ow th i s same pattern , a l though i t  l agged s u rface  waters  by one  to two 
mon th s . I n  th i s respect . Lake Ontari o d i ffered s i gn i fi cant l y  from 
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the  typ i ca l  patterns  exh i b i ted by total  P i n Lake Eri e ( p l ) ,  Lake Huron  ( 52 )  
and  Lake Superi or ( 42 ) . 
Spat i a l D i s tr i but i o n s  
Spri ng I sotherma l Peri od 
Duri ng  the  spr i ng i sotherma l per i od , when s u rface t emperatures  were 
re l at i v e l y u n i form , so l u b l e reacti v e  s i l i ca exh i b i ted a d i s t i n c t  eas t-to-wes t  
i nc reas i ng grad i ent , s i mi l ar t o  that reported by Sh i omi  and  Chawl a ( 53 )  and 
Gachter  e t  a l . - (47 ) . M i d l ake concentra t i o n s  ranged from 350 - 500 �g/ L ,  
wi th h i gher  l ev e l s noted a l ong  the  wes tern  s horel i ne b e tween  Toro n to and  the 
N i agara Ri ver  ( range 450 - 700 �g/ L ) , wh i l e  the  offshore waters  of the  
Ki ngs ton bas i n and the  southern  s hore between the  N i agara and  the  Gene s e e  
Ri vers  s howed t h e  l owe s t  conce ntrat i on s  ( < 1 00 a n d  2 1 5 - 3 1 0  �g / L ,  
respect i v e l y) . Three pri n c i pa l  sources  o f  s i l i ca were the  Gen e s e e  Ri ver  
( 400 - 500 �g / L ) , B l ack Ri ver  ( 1  , 000 - 3 , 000 �g / L )  and  the  Bay of Qu i nt e  
( 1 , 000 - 2 , 200 �g/ L ) . However , the i r i mpact  on the  general  d i s tr i but i on of  
so l u b l e reac t i v e  s i l i ca i n  t h e  l ake was mi n i ma l , probab l y  refl e c t i n g  the  h i gh 
demand for s i l i ca by d i atoms dur i n g  the i r spr i n g  growth pha s e  ( F i g .  2 1 ) .  
I n  contra s t  to the  re s u l t s  of Sh i omi and Chawl a ( 53 ) , n e i ther  spr i ng  
N03 + N02 nor  so l u b l e reac t i ve  P con cen trat i on s  ( at max i mum l ev e l s 
that t i me of year) demon s trated an eas t-wes t  concentrati on grad i ent  i n  
1 98 1 -82 . A l though N03 + N02 l ev e l s i n  the  Ki n g s ton bas i n  and  a l ong  
the  north  s hore a s  far  we s t  as  Cobourg , and nears hore from the N i agara to  the  
Gene s e e  Ri vers  were i n  the  240 - 300 �g/ L  range , the  res t of  the  l ake  
exh i b i ted u n i form concen trati ons  of 320 - 350 �g/ L .  Sol u b l e reac t i v e  P 
concen trati on s  a l so  rema i n ed fai r l y  con s tant  throughou t the  l ake , on l y  
s l i gh t l y  h i gher  mi d l ake ( 5  - 6 �g / L ) and l owe s t  i n  the  Ki n g s ton bas i n 
( < 1  �g / L ) . 
Offs hore NH 3 concentra t i o n s  demons trated l i tt l e vari ab i l i ty and  many 
reg i on s  of the  l ake exh i b i ted l eve l s be l ow the  detec t i on l i mi t  of 1 . 0 �g/ L .  
Max i mum con centrat i on s  were obs erved i n  the  nearshore reg i ons , e s p ec i a l l y  n ear 
Toronto , Bay of Qu i n te and B l ack Ri ver , and a l ong the  southern s hore b etween 
the N i agara and the Gen e s e e  Ri vers , rang i ng from 1 1  - 92 �g / L  ( F i g .  2 2 ) . 
Pres umab l y  the  h i gh con centrat i ons  noted a l ong the  south  s hore re s u l ted from 
agri cu l tura l  runoff , s i n c e  n i t r i f i cat i on of ammon i um i n  ferti l i zer i s  s evere l y  
retarded at  t h i s t i me .  Spri ng  tota l  P concentrat i on s  were s i mi l ar l y  
d i s tri b u ted wi th i nputs  c l ear l y def i nab l e from the N i agara , Gen e s e e , Oswego 
and B l ack R i vers ; Toron to ; Hami l ton ; and Bay of  Qu i n te , as  we l l  a s  a l on g  the 
south s hore ( F i g .  2 3 ) . Offs hore concentr�t i on s  i n  1 98 1  ranged  from 1 2 . 5 -
1 5 . 0 �g / L  and , i n  1 982 , from 1 1 . 0 - 1 3 . 0  �g/ L .  
Ne i l son and Stevens  ( 23 )  u s ed pri n c i pa l  components ana l ys i s to s tudy 
i nterre l at i on s h i p s  among the vari ab l e s and to d e l i neate pos s i b l e proc e s s e s 
govern i ng observed l arge- s c a l e  hori zon ta l  vari ab i l i ty .  Th i s anal ys i s 
demon s trated that tota l P and  NH 3 d i s tri but i on s  were pri n c i pa l l y  a 
fun ct i on of poi n t  source  l oad i n gs . The s o l u b l e n utri ents  ( tota l  f i l tered P ,  
so l u b l e reac t i ve  P ,  so l u b l e reacti v e  s i l i ca ,  N03 + N02 ) were i nvers e l y  
corre l ated wi th phytop l ankton b i omas s  i nd i cators ( POC , PON , and c h l �) . 
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s ugges ti ng  that the i r d i str i but i on s were a res u l t of d i fferen t i a l  uptake by 
phytop l ankton ( i . e .  nears hore-offs hore d i fferences  i n  growth and uptake ) . 
Summer Strati f i cati on 
By mi d- to l ate J un e .  the thermal bar had d i s s i pated and , by J u l y ,  a l l 
stati ons  were s trat i f i ed . Stat i ons  <20 m i n  depth were vert i ca l l y  homogeneous  
at temperatures  >4° C .  ffec au s e  Lake Ontar i o i s· s u bj ect  t o  prevai l i ng wester l y 
wi n d s , upwe l l i ng events  are common a l ong the  northwes t  n ears hore zon e  ( s ee  
page  3 1 1 .  Wh i l e  such  events  were  obs erved on l y  dur i ng  the  J u l y  cru i s e  of 
1 98 1 , upwel l i ng was ev i dent i n  J u l y  and Augu s t  1 982 and demon s t rated an i mpact 
even on the S eptember  cru i s e .  Dur i ng  th� s e  occurren c e s , s u rfac e  i sotherms 
tended to run i n  an eas t-northeas t to wes t-southwe s t  d i re ct i on , u nre l ated to 
depth contours . 
-
Pri n c i pal  components  ana l ys i s ( 23 )  demon strated that on l y  spec i f i c 
conductan c e . a l ka l i n i ty ,  N03 + N02 and tota l  f i l tered N were 
s i gn i f i cant l y  i nf l uenced  by upwe l l i ng .  Th e s e  vari ab l es were the  on l y  ones  to 
have exh i b i ted pronounced  hypo l i mneti c enr i chmen t ,  hence  the i r concentrati on s  
were e l evated w i th i n the upwe l l i ng area . Total  P a n d  the  a l ga l  b i omas s  
i nd i cators s howed e l evated �oncentrati on s a l ong the  wes tern n ears hore zon e  and 
a d i s t i n c t  s ou th-to-north i ncrea s i ng grad i ent ( F i gs .  24 and 2 5 ) . The 
underl yi ng mechan i sm respon s i b l e for t h i s pattern was not apparent from the 
ana l ys i s .  NH3  and ·so l u b l e reac t i v e  s i l i ca a l so  demon s t rated s i mi l ar 
d i str i but i on s , wi th max i mum conc entrat i on s i n  the  Toronto-Hami l ton-N i agara 
reg i on ( up to 1 23 and 280 pg/ L ,  respec t i v e l y) due to poi n t  source i nputs . 
Moderate l y  e l evated l ev e l s were a l so  s een i n  the  Ki n g s ton bas i n  due  to i nputs  
from the Bay o f  Qu i nte and the B l ack R i ver . The  hori zonta l  d i s tr i bu t i on of 
s o l u b l e react i v e  P was u n i q u e  i n  that i t  exh i b i ted l i tt l e vari ab i l i ty 
l akewi d e ,  wi th conc en trat i on s general l y  < 1  pg/ L ,  refl ect i ng the  s trong 
d eman d  for phosphorus  by phytop l ankton throughout t h e  s trati fi ed peri od . 
Dur i ng  August  1 98 1 , wi n d s  were predomi n an t l y  from the  southwe s t  and there 
was l i tt l e ev i dence  o f  upwe l l i ng .  The factors resu l t i ng from pr i n c i pa l  
components  ana l ys i s of  thes e  data were con s i d e rab l y  more d i ffi cu l t  to 
i nterpret , wi th on l y  s ub t l e d i fferenc e s  respon s i b l e for s eparat i n g  the  
vari ab l es among the  factors . The  a l gal  b i omas s i nd i cators s eparated out 
together and d emons trated a decreas i ng conc entrat i on grad i ent from the south 
s hore to mi di ake , wi th  l oca l i zed e l evated concentrat i on s near the  maj or 
tr i butari e s  ( N i agara , B l ack , Oswego , Gen e s e e  and W e l l and  R i vers ) a s  we l l  as 
Toronto and Hami l ton . The n i trogen  compounds  ( N03 + N02 , NH 3 ) 
s i mi l ar l y d i s p l ayed e l evated conc e ntrati on s  offs hore of  the  tr i butari e s  and 
urban c en tres . but  a l so s howed h i gh concentrati on s  a l ong the  the  wes t ern 
and/or s outhern  s hores . N03 + N02 con c en trat i on s  i n  the western 
nearshore reg i on and a l ong the  s outhern s hore b etween  the N i agara and the 
Gen e s e e  R i vers  were 2 - 3 t i me s  h i gher  than offs hore l ev e l s .  NH 3 
cont i nu ed to demon s trate max i mum conc entrat i ons  i n  the  
Toronto-Hami l ton-Ni agara reg i on ,  where the  area-wei gh ted mean concentrat i on 
was 24 . 9  pg/ L  compared to 5 . 2  pg/ L  mi d l ake . Low concen trati on s  were a l so  
observed  a l ong the  south s hore . A s  d i s cu s s ed prev i ou s l y ,  N H 3 from 
ferti l i ze r  app l i cat i on undergoe s  n i tri f i cat i on i n  the  so i l i n  warm weather . 
Con s equent l y ,  agri c u l tural runoff , whi ch  contr i buted NH 3 to the  south ern 
nearshore i n  the  spr i ng , contri b u ted N03 i n  the  s ummer . 
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Phos phorus  vari ab l es d i d not ex h i b i t  any pronou n c ed n ears hore /offs hore 
grad i en t .  E l evated l ev e l s ,  howev er , were s een  n ear urban centres  and offs hore 
of a l l maj or tr i butari e s  except the N i agara Ri v e r .  Sol u b l e react i v e  s i l i ca 
demonstrated mi n i mum l ev e l s mi d l ake ( 60 - 90 �g/ L) compared to the  n ears hore 
zone ( 1 60 - 200 �g / L ) , where tri butary i nputs  were an i mportan t factor . 
Fa l l Turnover 
Los s  of s trat i fi cat i on and s u b s equent  entrai nment of meta l i mnet i c and 
hypo l i mnet i c waters general l y  occu rred from northwe s t  to southeast  dur i ng  the  
fal l turnover  per i od (October to December) . The range of s urface  temperatures  
as�oc i ated wi th  t h i s d i fferent i a l  l os s  of s trat i fi cat i on was s u b s tant i a l , 
often exceed i ng  1 0  co . The s u rface waters over the  l ake ' s  deep e s t  area were 
the mos t  res i s tant to s tratffi cat i on breakdown , rai s i ng spec u l ati on that the 
ant i cyc l on i c c i rcu l ati on pattern of the l ake was mai ntai n i ng  t h i s c entral  
gyre , s i mi l ar to  that  obs erved i n  Lake Huron  ( 52 ) . 
As wou l d  be expected , those  vari ab l e s  that demon s trated s i gn i f i cant 
enri chment i n  the hypo l i mn i on dur i ng the  summer s trati fi ed per i od s howed 
e l evated s urface conc en trat i ons  i n  the fa l l ,  the i r d i s tr i but i on s  refl ect i ng  
mi x i ng depth  ( as i nd i cated by temperature ) .  Con s equen t l y ,  the  northwes t  
reg i on o f  t h e  l ake ex h i b i ted e l evated con cen trati ons  o f  N03 + N02 
( F i g .  2 6 ) , s pec i f i c  conductance  and a l ka l i n i ty ,  s i mi l ar to those  observ ed 
duri ng  upwe l l i ng .  Sol ub l e react i v e P and s i l i ca a l so  s howed e l evated l ev e l s 
i n  the  northwe s t  regi on . Wh i l e  the se  l atter vari ab l e s  ex h i b i ted some 
enr i chment throughout the hypol i mn i on ,  the h i gh s urface  con c entrati ons  
obs erved dur i ng  the  ons et of fal l tu rnov er appeared to  be  re l ated more to 
entrai nment of the  nephe l o i d  l ayer �nd the fact that the  mi xed  l ayer now 
extended to the  s ed i ments . 
The nephe l o i d  l aye r i n  Lake Ontari o ,  as  reported by Sand i l an d s  and Mudroch 
( 22 ) , i s  a bottom l ayer of turb i d i ty evi dent  at depths  > 60 m wherei n e l evated 
l ev e l s of so l u b re react i v e P and s i l i ca are found ( F i g .  2 7 ) . I nc reased s i l i ca 
l ev e l s i n  th i s l ayer have been attri buted to d i s so l ut i on of d i atom fru s tu l e s 
( 22 ) , wh i l e  e l evated phosphorus i s  pre s umed to re s u l t from i t s as soc i at i on 
wi th parti c l e s of s i ze <0 . 45 �m that , a s  pos t u l ated by Bu rns  et a l . ( 54)  for 
Lake Eri e ,  are tran sported as an organ i c  f l oc wi th i n  2 m of the  bottom . 
As was obs erved dur i ng the  spri ng  and s ummer , fa l l (October through 
December)  tota l P d i s tr i but i ons  conti nued to be  a fu nct i on of tri butary 
l oadi ngs ; concentrati ons  approac hed 25-30 �g / L  i n  the  n ears hore regi ons  near 
the s e  sourc e s , compared wi th mi d l ake con centrati on s  of 1 0- 1 2  �g / L .  NH 3 
d i s tri but i on dur i ng November wa s a l so s i mi l ar to that obs erved i n  spr i ng . 
Su rface area-we i ghted mean mi d l ake concentrat i ons  were 6-8 �g / L  wh i l e ,  a l ong 
the south s hore and off tri butari e s , con centrat i on s  were 20-30 �g/ L .  
Max i mum va l ues  o f  5 5  �g / L  were found near Toron to . Duri ng  fal l 1 98 1 , 
d i s tr i bu t i ons  of  POC , PON , and  c h l �  were u nre l ated to any other vari ab l e .  
Duri ng fa l l  1 982 , howev er , a l ga l  b i omas s  i n d i cators s howed a s trong 
a s soc i ati on wi th NH 3 and total  P ,  s uggest i ng  that these  vari ab l e s were 
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I n  an attempt to d i s c ern what other factors mi ght be  control l i ng fa l l 
a l ga l  b i omas s  d i s tr i but i ons , the  b i omas s  i nd i cators were regre s s ed agai n s t  
s urface  temperatu re . Th i s ana l ys i s revea l ed a comp l ex  but  con s i stent  
progre s s i on of even ts . Duri ng October , when  s urface temperatures  ranged from 
approx i mate l y  4-1 7 °C ,  a l l three vari a b l e s  e x h i b i ted a h i g h l y  s i gn i fi can t 
( p  <0 . 05 )  pos i t i v e  corre l at i on wi th temperatu re . Duri ng Nov ember , a 
curv i l i n ear r e l ati on s h i p wi th temperature was observed , wi th a s i gn i fi cant 
pos i t i ve corre l at i on i n  the  temperature range  of 4-7 ° C ,  and a s i gn i fi cant 
negati v e  corre l at i on between 7- l 0° C .  By December , a l l three i nd i cators 
e x h i b i ted s i gn i fi cant (p < 0 . 05 ) negati ve  corre l at i on s  wi th  temperature . 
Phytop l ankton spec i e s  compos i t i on ( 55 , 56 )  i nd i cated that a l ga l  popu l at i on s i n  
Lake On tari o ( ex c l ud i ng the  Ki ngston bas 1 n )  were domi nated by cryptophytes  i n  
October and exh i b i ted s harp dec l i n es  i n  abundance when temper-atures  dropped to 
6- l 0° C .  By November , c ryptophyte b i oma s s  showed a marked raduc t i on ,  �i th 
d i atoms a s s umi ng a greater proporti on of the total  b i omas s .  Howev e r ,  n e i ther 
group appeared we l l adapted to the  trans i t i ona l  temperatures  exh i b i ted dur i ng 
th i s peri od . By December , d i atoms compri s ed a l arge proport i on of the  a l gal  
b i omas s and appeared ab l e  to prol i ferate i n  reg i on s  typi fi ed by decreas i ng 
temperatures  and i nc reas i ng mi x i ng depth . Thus , the  d i s tr i but i on of 
parti c u l ate organ i c  matter dur i ng fa l l tu rnover appeared more respon s i v e  to 
spec i e s  compos i�i on ,  and the i r s en s i t i v i ty to temperatu re , than to nutr i ent 
chemi s try . 
SPATIAL ZONATION OF LAKE ONTARIO WATER QUAL I TY 
The p r i nc i pa l  obj ec t i v e s  of water qua l i ty mon i tori ng i n  the  offs hore 
waters  of Lake Ontari o are to determi ne  l ong-term trend s i n  a vari ety of 
vari ab l es and to exami ne  how the i nterre l at i on s h i ps  of these  vari ab l e s both 
affect  and res pond to obs erved changes . E l -Shaarawi and Kwi atkowski  ( 57 )  
exami ned t h e  re l at i v e magn i tude o f  s easonal  and spat i a l  vari ab i l i ty for 
phys i ca l  and b i o l og i ca l  vari ab l es  i n  the  s urface  waters of Lake On tar i o .  They 
found that , a l though s easonal  vari abi l i ty was con s i derab l y  greater than 
s pat i a l  due to the b i modal  s easonal  cyc l e  exh i b i ted by mos t  vari ab l es , these  
vari ab l es a l so  exh i b i ted s i gn i fi eant spat i a l  grad i ents . Therefore , to  ach i eve 
the  s tated obj ec t i v e s  i n  the  mos t  effi c i ent  manner , i t  was nece s s ary to deri ve  
a zonat i on pattern that wou l d d i v i de the l ake i n to l i mnol ogi c a l l y  d i s t i nct  
water mas s e s  wh i c h ,  at the  same t i me ,  wou l d be  appl i cab l e to  a l l cru i s e s  i n  
a l l years . 
I n  the  pas t , a zonati on s c h eme cons i s t i ng of 1 7  zones  had been  app l i ed to 
Lake Ontari o ( F i g .  2 8 ) . Th i s  s c h eme was mi staken l y  attri buted to the work of 
E l -Shaarawi and Kwi atkowski ( 57 ) ; rath e r ,  i t  was determi ned s ubj ec ti v e l y  on 
the bas i s of bas i n  geomorphol ogy , l ocati on of nears hore i nputs  and s ummer 
c i rcu l ati on pattern s . To prov i d e a stati s t i ca l l y  defen s i b l e zonati on pattern , 
Ne i l son and Stevens  ( 58 )  app l i ed factor , c l u s ter and d i s c r i mi nant ana l ys i s to 
an exten s i v e  s er i es  of vari ab l e s from 2 9  cru i s e s  cond ucted dur i ng 1 977 , 1 98 1  
a n d  1 982 to arri v e  at t h e  zonati on s cheme presented i n  F i g .  29 . 
The  s i x  zones  produced  by th i s ana l ys i s are read i l y  i n terpretab l e  i n  l i ght 
of the  d i s cu s s i on s  on water qua l i ty vari ab l e d i s tri but i on s , temperature 
pattern s . and  c i rcu l at i on proces s e s . Zon e 1 repre s ents  the  Ki ng ston bas i n 
reg i on ,  rece i v i ng s i gn i fi cant i nputs  from the  Bay of Qu i n te and B l ack R i ver . 
Due to the i nf l uence  of bottom morphometry ,  there i s  l i tt l e i mpact from thi s 
- 57 -
FIGURE 28. ORIGINAL ZONATION SCHEME APPLIED TO LAKE ONTARIO WATER QUALITY 
DATA. 
FIGURE 29. STATISTICALLY DERIVED ZONATION APPLIED TO LAKE ONTARIO WATER 
QUALITY DATA. 
Source: Reference (58). 
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reg i on upon the  mai n l ake . Three nears hore zo� es  are ev i d en t :  zone 4 
rec e i v i ng i nputs  from Toronto , Hami l ton Harbour and the  W e l l and R i v e r ; zone 3 
be i ng i nf l uenced  pr i mari l y  by d i s charge from the  N i agara R i ver , a s  we l l a s  
some agri c u l tural  runoff a l ong the  south s hore ; and zone 2 rece i v i ng 
s i gn i fi cant i nputs  from the  Genesee  and the Oswego R i vers . Note that due  to 
the predomi nan t l y counterc l ockwi s e  c i rcu l ati on pattern i n  the  l ake  and the 
strong nears hore cu rrents  a l ong the south s hore , thes e  n ears hore zon e s  tend to 
extend to the  r i ght of the  d i s charge , part i cu l ar l y  zone 2 wh i ch emphas i ze s  the 
rec i rcu l at i on f l ow hypothe s i zed by S i mons and Sch ertzer ( 27 ) . The east-we st  
d i s t i nct i on of  the  mi d l ake reg i on i nto two zon es  i s  pr i n c i pa l l y  a refl ect i on 
of upwe l l i ng effects  a l ong the northwe st  s hore , as  i t  was fou nd that the l i ne 
of demarcat i on between the  two zones  vari ed from year to year i n  r e l at i on to 
the  predomi nance  of upwe l l i ng events  encoun tered dur i ng the  s umme r  s u rv eys . 
Several  reg i on s  i n  the  l ake ex h i b i t  water qua l i ty of s uffi c i ent  contra s t  
t o  the  rema i nder of the  l ake t o  warrant ·them b e i ng con s i dered as  d i s t i nct  from 
any of the  s i x zon es . These  reg i ons  are the  waters i mmed i ate l y  adj acent to 
Toron to Harbour and Humber Bay , offshore of the We l l and Can a l , i n  the  v i c i n i ty 
of Oswego Harbor , the ent i re regi on of B l ack R i ver  Bay , and at the  pas s age  
l ead i ng i n to Adol phus  Reach . A l l fi v e  reg i on s  exh i b i t s i g n s  of  s evere  
eutroph i cati on . 
Water qua l i ty charac teri st i c s  for each zone dur i ng a s er i e s  of s e l ect  
cru i s e s  i n  1 98 1  and 1 982 are  pres ented i n  Tab l e s  5 to  1 1 .  Note that  the  
obs erved d i fferences  among zones , part i cu l ar l y  between nearshore and  offshore 
zone s , may be  due  e i ther  to d i fferen ces  i n  rates of  ex ternal  l oa d i ng  ( e . g .  for 
c h l ori de , s u l phate ) ; rates of uptake_ by phytop l ankton and i nterna l / externa l  
l oadi ng ( e . g .  so l u b l e nutri ents ) ;  and/or d i fferences  i n  the  t i mi ng of s easonal  
cyc l es ( e . g .  phytop l ankton b i omas s i nd i cators , temperature ) .  In  rev i ew i ng the  
characteri s t i c s  of i nd i v i dua l  zones ; i t  i s  appropri ate to d i s c u s s them i n  
coun terc l ockwi s e  order , refl ect i ng the general  d i rect i on of p revai l i ng 
current s .  
Zone 4 rece i ve s  i nd u s tr i a l  and mun i c i pa l  i nputs  from Toron to and Hami l ton , 
as  wel l as  85% of the total  d i rect d i s charge from Ontari o tr i butari e s . I n  
1 98 1 , o f  a l l s i x zones , th i s zone demons trated the  h i ghe st  average l ev e l s of 
NH 3 , organ i c  n i trogen and N03 + N02 , parti c u l ar l y  dur i ng the  strat i fi ed per i od . I n  addi ti on , moderat e l y  e l evated concentrat i on s  of a l l ­
phos phoru s forms were obs erved . The s e  factors comb i ne  to g i v e zone 4 a 
Compos i te Trop h i c I ndex ( CTI ) rang i ng from 5 . 4  to 8 . 6  whi ch , a s  s hown i n  Tab l e 
1 2 ,  i s  con s i dered i nd i cat i v e  of mesotroph i c  cond i t i ons . The  CTI was dev e l oped 
by Gregor and Rast  ( 59 )  as  part of PLUARG act i v i t i e s  to prov i d e a re l at i v e  
s ca l e for t h e  compari son o f  t h e  troph i c state o f  t h e  Great Lake s near s hore 
regi ons . The i n dex for Lake Ontari o i s  computed a s : 
CTI = ( ( 28 . 52 / SD - 3 . 84)  + ( 1  . 67ch l �) + ( 0 . 3 1 TP ) ) / 3 
where SO = Secch i  d i s c  depth 
c h l Q  = ch l orophyl l Q concentrat i on 




M EAN AND STANDARD DEVIATION OF WATER QUALITY VARIABLES ( at 1 m)  I N  LAKE ONTARIO , MARCH 1 6-20 , 1 98 1  
Zone 1 (  n ==  1 1 )  Zone 2 ( n== l 3 )  Zone 3 ( n==7 ) Zone 4 (  n==  1 1 )  Zone 5 (  n==2 7 )  Zone 6 ( n= l 7 )  
Temperature ( ° C )  0 . 3  ± 0 . 35 1 . 1 ± 0 . 28 0 . 7  ± 0 . 64 1 . 7 ± 0 . 27 1 . 7 ± 0 . 25 1 . 3 ± 0 . 1 6  
Conducti v i ty (�S)  339 . 5  ± 5 . 1 8  345 . 6  ± 5 . 1 4  329 . 0  ± 1 2 .  1 1  3 35 . 5  ± 1 7 . 04 334 . 1 ± 1 6 . 85 346 . 5  ± 2 . 50 
Tota l  Phosphorus 1 4 . 5  ± 0 . 93 1 5 . 2  '± 1 .  3 1  . 1 6 . 5  ± 1 . 1 8  1 6 . 3  ± 1 .  60 1 4 . 7 ± 2 . 09 1 3 . 7  ± 0 . 50 
Tota l  F i l tered Phosphoru s 5 . 9  ± 0 . 5 1 7 . 5  ± 1 . 44 7 . 0  ± 0 . 62 9 .  6 ± 1 . 08 1 0 . 4  ± 1 .  34 9 .  7 ± 0 .  64 
Sol u b l e React i v e  Phosphorus 1 . 7 ± 2 . 46 2 .  9 ± 1 . 50 2 . 1 ± o .  65 5 . 8  ± 1 . 1 0  6 .  6 ± l .  1 0  5 . 8  ± 0 . 44 
Ammon i a  3 . 1  ± 1 . 64 4 . 3  ± 4 . 09 1 5 . 7  ± 9 . 4 1  8 . 6  ± 8 . 62 3 . 1 ± 3 .  93 1 . 9 ± 0 . 99 
N i trate + N i tr i te  294 . 6  ± 1 9 . 98 323 . 8  ± 1 5 . 22 306 . 1  ± 25 . 08 36 1 . 7  ± 1 5 . 20 352 . 7  ± 8 . 92 341 . 6  ± 2 . 60 
Di s so l v ed Organ i c  N i trogen 239 . 2  ± 69 . 79 1 67 . 5  ± 34 . 43 1 63 . 9  ± 30 . 7 1 2 53 . 1  ± 98 . 74 1 67 . 0  ± 48 . 34 1 46 . 5  ± 34 . 53 
So l ub l e  Reac t i ve  S i l i ca ( mg / L )  0 . 288 ± 0 . 1 50 0 . 306 ± 0 . 07 1  0 . 269  ± 0 . 08 1 0 . 499 ± 0 . 029  0 . 50 1  ± 0 . 053 0 . 398 ± 0 . 0 1 9  
Parti c u l ate Organi c Carbon 498 . 6  ± 1 42 . 60 289 . 4  ± 8 1 . 1 0 369 . 1  ± 83 . 35 320 . 4  ± 95 . 90 208 . 4  ± 69 . 55 1 70 . 2  ± 29 . 2 1 
Part i cu l ate  Organ i c N i trogen 78 . 9  ± 1 8 . 1 9  46 . 7  ± 1 4 . 8 1 57 . 7  ± 1 2 . 35 4 1 . 8  ± 1 4 . 55 28 . 0  ± 1 0 . 43 28 . 8  ± 1 2 . 1 7  
Ch l orophy l l g ( corrected ) 8 . 44 ± 2 . 408 5 . 3 1 ± 2 . 585  3 . 86 ± 1 . 003 3 . 47 ± 1 . 460 2 . 38 ± 1 . 544 2 . 07 ± 0 . 584 
Secch i  Di s c  Depth (m )  2 . 7 ± 0 . 29 3 . 9  ± 1 . 7 1  2 . 8  ± 0 . 98 4 . 3  ± 0 . 89 8 . 0  ± 2 . 05 8 . 2  ± 2 . 1 7  
Ch l ori de  ( mg / L )  26 . 2  ± 0 . 92 26 . 4  ± 1 . 24 24 . 1  ± 2 . 08 27 . 7  ± 0 . 5 1  27 . 1 ± 0 . 40 27 . 2  ± 0 . 1 3  
Ca 1 c i  urn ( mg / L )  38 . 9  ± 0 . 6 1 38 . 9  ± 0 . 68 38 . 5  ± 0 . 68 39 . 6  ± 0 . 44 39 . 7  ± 0 . 73 39 . 4  ± 0 . 4 1 
Magnes i um ( mg / L )  7 . 8 ± 0 . 1 5  8 . 1 ± 0 . 09 8 . 1  ± 0 . 08 8 . 1  ± 0 . 25 8 . 0 ± 0 . 1 9  8 . 1  ± 0 . 1 3  
Sod i urn ( mg/ L )  1 2 . 5  ± 0 . 48 1 2 . 7  ± 0 . 48 1 1 . 6 ± 0 . 87 1 3 . 3  ± 0 . 50 1 3 . 0 ± 0 . 27 1 2 . 9  ± 0 . 1 1  
Pota s s i um ( mg / L )  1 . 3 ± 0 . 05 1 . 3 ± 0 . 05 1 . 3 ± 0 . 00 1 . 4 ± 0 . 03 1 . 4 ± 0 . 05 1 . 4 ± 0 . 05 
Bi carbonate ( mg/L )  95 . 5  ± 1 . 57 96 . 8  ± 1 . 35 97 . 1 ± 2 . 4 1 96 . 5  ± 0 . 93 95 . 9  ± 1 .  22 96 . 1 ± 1 . 1 4  
S u l phate ( mg/U 27 . 5  ± 0 . 6 1 28 . 2  ± 0 . 60 27 . 5  ± 0 . 75 28 . 2  ± 1 . 2 1  27 . 8  ± 0 . 69 28 . 6  ± 0 . 26 
A l l u n i ts �g/ L  except wh ere i nd i cated . 
TABLE 6 
MEAN AND STANDARD DEVIATION OF WATER QUALITY VARIABLES ( at 1 m)  I N  LAKE ONTARI O ,  APRI L 6-1 0 ,  1 98 1  
Zone 1 (  n=  1 1  ) Zone 2 ( n= l 3 )  Zone 3 ( n= 7 )  Zone 4 ( n= l l )  Zone 5 ( n=27 ) Zone 6 ( n= l 7 )  
Temperature ( °C) 2 . 7  ± 0 . 40 2 . 6  ± 0 . 60 3 . 9  ± 1 . 3 1  3 . 1  ± 0 . 60 2 . 4  ± 0 . 32 2 . 1  ± 0 . 1 8  
Conducti v i ty (�S)  3 1 6 . 4  ± 7 . 75 3 1 6 . 4  ± 5 . 54 3 1 4 . 0  ± 1 3 . 99 324 . 0  ± 5 . 3 1 32 1 . 0  ± 6 . 34 3 1 8 . 8  ± 2 . 6 1 
Total  Phosphoru s 1 2 . 8  ± 1 . 36  1 3 . 8  ± 0 . 75 1 5 . 0 ± 1 . 30 1 4 . 7  ± 2 . 63 1 3 . 5  ± 0 . 56 1 3 . 4  ± 0 . 54 
Total  F i l tered Phosphorus 5 . 2  ± 0 . 53 5 . 9  ± 0 . 78 7 . 9  ± 0 . 50 7 . 0  ± 1 . 5 1  8 . 0  ± 1 . 1 8  8 . 9  ± 0 . 67 
Sol u b l e React i ve  Phosphorus 1 . 0  ± 0 . 20 1 . 8 ± 0 . 83 1 . 3 ± 0 . 52 3 . 2  ± 1 . 68 4 .  7 ± 1 . 46 5 . 3  ± 0 . 8 1 
Ammon i a  4 . 3  ± 2 . 05 5 . 3  ± 3 . 38 1 1 . 3 ± 9 . 7 1 7 . 8  ± 1 5 . 3  2 . 3  ± 1 .  73 2 . 6  ± 1 . 37 
N i trate + N i tri te 257 . 7  ± 1 9 . 7  304 . 9  ± 1 5 . 56 2·99 . 7 ± 1 7 . 03 325 . 2  ± 1 1 . 70 332 . 6  ± 9 . 98 334 . 4  ± 4 . 02 
Di s so l ved Organ i c  N i trogen 205 . 4  ± 23 . 4  1 84 .  o ± 26 . 09 1 90 . 1  ± 59 . 83 1 10 . 5  ± 36 . 03 1 7 9 . 0  ± 32 . 83 1 77 . 0 ± 40 . 70 
Sol ub l e Reac t i v e  S i l i ca (mg / L) 0 . 096  ± 0 . 1 33 0 ."208 ± 0 . 077 0 . 1 99 ± 0 . 08 1  0 .'356 ± 0 . 097 0 . 408 ± 6 . 084 p .-'365 ± 0 . 047 
Parti cu l ate Organ i c  Carbon 516 . 1  ± 59 . 24 347 . 6  ± 1 24 . 57 41 6 . 7  ± 1 33 . 96 302 . 6  ± 96 . 58 2 1 6 . 0  ± 97 . 30 1 58 . 5  ± 27 . 1 7  
Parti cu l ate Organ i c N i trogen 82 . 0  ± 6 . 07 6 1 . 9  ± 29 . 06 60 . 1  ± 1 3 . 59 47 . 1  ± 1 6 . 7 1 33 . 3  ± 1 5 . 85 25 . 8  ± 4 . 88 
Ch l orophyl l a  ( corrected) 8 . 84 ± 1 . 845 5 . 99 ± 2 . 425 5 . 03 ± 1 . 320 4 . 76 ± 2 . 227 3 .  33 ± 2 . 1 4 1 2 . 32 ± 0 . 63 1  
Secch i d i s c  depth (m) 4 . 2  ± 0 . 84 4 . 4  ± 0 . 69 3 . 3  ± 0 . 45 5 . 3  ± 1 . 68 8 . 2  ± 1 . 09 8 . 9  ± 0 . 99 
Ch l or i de ( mg / L )  26 . 3  ± 1 . 0 1  26 . 2  ± 1 . 63 24 . 5  ± 2 . 32 27 . 3  ± 0 . 74 27 . 3  ± 0 . 25 26 . 9  ± 0 . 24 
Cal c i um ( mg / L )  38 . 2  ± 1 . 4 1  38 . 7  ± 0 . 82 38 . 7  ± 1 . 07 39 . 5  ± 0 . 70 : 39 . 6  ± 0 . 43 38 . 8  ± 0 . 56 
Magne s i um ( mg/L )  7 . 8  ± 0 . 42 7 . 9 ± 0 . 1 4  8 . 0  ± 0 . 2 1 8 . 1  ± 0 . 1 6  8 . 0  ± 0 . 22 8 . 0  ± 0 . 1 7  
Sod i urn ( mg/L)  1 2 . 6  ± 0 . 55 1 2 . 6  ± 0 . 64 1 2 . 2  ± 0 . 92 1 3 . 1  ± 0 . 44 1 3 . 1  ± o .  1 9  1 2 . 9  ± 0 . 1 5  
Potas s i um ( mg / L )  1 . 4  ± 0 . 03 1 .  4 ± 0 :05 1 . 4  ± 0 . 06 1 . 4 ± 0 . 07 1 . 4 ± 0 . 02 1 . 4  ± 0 . 02 
Bi carbonate ( mg/L) 94 . 9  ± 1 . 8 1  94 . 4  ± 0 . 94 95 . 4  ± 0 . 79 95 . 0  ± 0 . 45 94 . 7  ± 1 . 0 1  94 . 8  ± 0 . 83 
Su l phate ( mg/L )  2 6 .  1 ± 1 . 42 26 . 7  ± 1 . 02 25 . 6  ± 1 . 33 27 . 3  ± 0 . 85 26 . 9  ± 0 . 82 26 . 3  ± 0 . 54 
A l l u n i ts �g / L  except where i nd i cated . 
0"1 ·  N 
TABLE 7 
MEAN AND STANDARD DEVIATION OF WATER QUALITY VARIABLES ( at 1 m)  I N  LAKE ONTARIO , AUGUST 1 0- 1 4 ,  1 98 1  
Zone 1 (  n=  1 1 )  Zone 2 ( n=1 3 )  Zone 3 ( n=7 ) Zone 4(  n= 1 1 )  Zone 5 ( n=27 ) Zone 6 ( n= l 7 )  
Temperature ( 0 C) 2 1 . 2  ± 0 . 47 2 1 . 5  ± 0 . 74 22 . 5  ± a·. 65 20 . 1  ± 0 . 82 20 . 9  ± 0 . 75 2 1  . 4  ± 0 . 42 
Conducti v i ty ( �S )  3 1 0 . 3  ± 3 . 29  3 1 0 . 1 ± 3 .. 76 294 . 7  ± 1 2 . 58 3 1 6 . 4  ± 1 7 . 76 303 . 6  ± 9 . 34 3 1 0 . 4  ± 1 . 7 7  
Tot a 1 Phosphorus 1 6 . 9  ± 1 .  43 1 7 . 2  ± 4 . 57 1 7 . 2  ± 3 . 45 2 1 . 1  ± 5 . 45 1 9 . 9  ± 4 . 24 1 5 . 7 ± 2 . 68 
Tota l  F i l tered Phos phoru s 7 . 4 ± 1 . 23 8 .  4 ± 1 . 83 7 . 0  ± 1 . 04 9 . 3  ± 2 . 77 8 . 7  ± 1 . 69 7 . 2  ± 2 . 0 1  
Sol u b l e React i ve  Phos phorus 1 . 0 ± 0 . 1 2  1 . 1 ± 0 . 26 1 . 4 ± 0 . 53 2 . 4  ± 1 . 84 2 . 1  ± 1 . 4 1  1 . 2 ± 0 . 4 1 
Ammon i a  1 1 . 1 ± 7 . 25 5 . 3  ± 3 . 41 8 . 4  ± 5 . 35 24 . 9  ± 1 9 . 97 6 . 4  ± 5 . 3 1 6 . 4  ± 3 . 66 
N i �rate + N i tri te 39 . 6  ± 1 7 . 00 57 . 5  ± 26 . 5 1 1 08 . 4  ± i 2 . 69 1 01 . 8  ± 48 . 1 6 66 . 9  ± 22 . 95 41  . 2  ± 1 0 . 8 5 
Di s so l ved Organ i c  N i trogen 242 . 1  ± 27 . 2  238 . 4  ± 20 . 23 2 1 0 . 0  ± 7 . 83 262 . 5  ± 28 . 90 244 . 8  ± 0 . 03 1  224 . 6  ± 1 5 . 1 3  
Sol u b l e React i v e  S i l i ca ( mg/L)  0 . 1 76 ± 0 . 037 0 . 200 ± 0 . 1 75 0 . 1 98 ± 0 . 040 :0 . 1 59 ± 0 . 01 5 0 . 1 40 ± 0 . 03 1  0 . 268 ± 0 . 350 
Part i cu l ate Organ i c  Carbon 395 . 5  ± 35 . 3 1 390 . 4  ± 54 . 50 469 . 0  ± 1 50 . 82 472 . 6  ± 1 92 . 35 36 1 . 0  ± 56 . 77 340 . 8  ± 40 . 39 
Part i cu l ate Organ i c N i trogen 73 . 4  ± 6 . 89 74 . 8  ± 1 3 . 1 8  93 . 9  ± 32 . 08 92' . 8  ± 36 . 36 69 . 3  ± 1 0 . 85 69 . 8  ± 8 . 29 
Ch l orophyl l � ( corrected ) 3 . 83 ± 0 . 576 3 . 86 ± 1 . 047 4 . 84 ± 2 . 234 5 . 89 ± 2 . 068 3 . 60 ± 0 . 726  2 . 99 ± 0 . 625 
Sec chi  Di s c  Depth ( m) 2 . 2  ± 0 . 32 2 . 4  ± 0 . 41 2 . 4  ± 0 . 42 2 .  1 ± 0 .  85 1 . 7 ± 0 . 37 2 . 1 ± 0 . 3 1 
Ch l ori de ( mg / L )  26 . 3  ± 0 . 42 26 . 0  ± 0 . 70 2 1 . 9 ± 1 .  90 26 . 8  ± 0 . 74 26 . 0  ± 0 . 88 26 . 2  ± 0 . 22 
Ca l c i um (mg / L) 35 . 5  ± 1 . 00 35 . 5  ± 0 . 76 35 . 7  ± 0 . 49 36 . 2  ± 0 . 88 35 . 6  ± 0 . 94 34 . 8  ± 0 . 37 
Magn e s i um ( mg / L )  8 . 0  ± 0 . 1 4  8 . 0 ± 0 . 1 2  8 . 1  ± 0 . 1 0  8 . 1  ± 0 . 09 8 . 1  ± 0 . 09 8 . 1  ± 0 . 08 
Sod i urn (mg / L )  1 2 . 6  ± 0 . 2 1 1 2 . 5  ± 0 . 29 1 0 . 7  ± 0 . 79 1 2 . 9  ± 0 . 27 1 2 . 5  ± 0 . 33 1 2 . 6  ± 0 . 1 4  
Potas s i um ( mg / L )  1 . 4 ± 0 . 00 1 . 4 ± 0 . 06 1 . 4 ± 0 . 05 1 . 5  ± 0 . 08 1 . 4  ± 0 . 04 1 . 4  ± 0 . 05 
Bi carbonate ( mg / L )  83 . 5  ± 2 . 40 86 . 6  ± 3 . 74 9 1 . 1  ± 4 . 1 4  88 . 7  ± 1 . 57 87 . 5  ± 2 . 09 82 . 9  ± 3 . 70 
Su l phate ( mg / L) 23 . 8  ± 2 . 37 25 . 4  ± 1 . 53 25 . 4  ± 0 . 93 27 . 0  ± 1 . 04 26 . 3  ± 1 . 1 8  2 6 . 1  ± 1 . 50 ' 




MEAN AND STANDARD DEVIATION OF WATER QUALITY VARIABLES ( at 1 m) IN  LAKE ONTARIO ,  NOVEMBER J 6-20 , 1 98 1  
Zone 1 (  n =  1 1 )  
Temperature ( °C) 8 . 3  ± 0 . 47 
Conduct i v i ty ( �S)  32 1 . 5  + 1 . 44 ;-
Tota l Phosphorus  1 4 . 6  ± 1 . 78  
Tota l Fi l tered Phosphorus 7 . 4  ± 1 . 22 
Sol ub l e React i v e  Phosphoru s 2 .  7 ± 1 ,. 20 
Ammon i a  5 . 5  ± 2 . 02 
N i trate + Ni tri te 226 . 8  ± 28 . 39 
Di s so l ved Organ i c  Ni trogen 1 83 . 5  ± 26 . 1 9  
Sol u b l e React i ve Si l i ca < mgll )  0 . 284 ± 0 . 053 
Parti c u l ate Organ i c Carbo� 340 . 6  ± 94 . 99 
Parti c u l ate Organ i c  N i trogen 6 1 . 4  ± 1 6 . 88 
Ch l orophyl l � ( corrected ) 6 . 2.9 ± 1 . 707 
Secc h i  Di s c  Depth (m) 4 . 0  
Ch l ori de (mg l l )  26 . 5  ± 0 . 30 
Ca 1 c i urn ( mg I L ) 38 . 7  ± 0 . 57 
Magn e s i um ( mg l l) 8 . 0  ± 0 . 1 5  
Sod i urn ( mg l l )  1 2 . 6  ± 0 . 1 1  
Potas s i um ( mg l l )  1 . 4 ± 0 . 00 
Bi carbonate ( mg l l )  94 . 5  ± 1 . 3 1  
Su 1  ph  ate ( mg I L )  26 . 8  ± 0 . 87 
A l l un i t s  �g i L  except where i nd i cated . 
ione 2 ( n= l 3)  
f .  
7 . 8  ± 0 . 67 
327 . 6  ± 9 . 01 
1 2 .4 ± 1 . 38 
6 . 2  ± 0 . 35 
2 . 3  ± 0 . 90 
7 . 6  ± 5 . 08 
279 . 9  + 1 0 . 6 1 
' -
1 �4 . 7 ± 1 7 . 1 8 
• 
0 . 257 + 0 . 090 
j � r--
268 . 5  ± 49 . 24 
49 . 4  ± ·1 0 . 67 
5 . 25 ± o .  972 
6 . 0  
I 
26 . 5  ± 0 . 83 
39 . 1  ± 0 . 7 1  
8 . 0  ± 0 . 1 3  
1 2 . 6  ± 0 . 28 
1 . 4 ± 0 . 00 
96 . 5  ± 1 . 56  
27 . 7  :!." 1 . 07 
Zone 3 ( n=7 ) 
8 .  1 ± 0 . 62 
3 1  2 . '9 ± 1 0 . 1 6 
1 6 . 4  ± 3 . 85 
6 . 0  ± 0 . 36 
1 . 1 ± 0 . 23 
1 7 . 7 ± 6 . 1 0 
1 92 . 6  ± 55 . 69 
. 1 73 . 1  ± 1 4 . 5 1 
0 . 1 23 ± 0 . 056 
349 . 1  ± 52 . 09 
64 . 0  ± 1 2 . 46 
5 . 59 ± 1 . 5 1 3 
3 . 1  ± 0 . 75 
2 1 . 8  ± 2 . 83 
38 . 0  ± 0 . 90 
8 . 1  ± 0 . 1 7  
1 0 . 8  ± 1 . 05 
1 . 4 ± 0 . 05 
98 . 5  ± 2 . 8 1 
26 . 1  ± 0 . 83 
Zone 4( n=l l )  Zone 5 ( n=2 7 )  Zone 6 ( n= l 7 )  
; 
6 .  7 ± .1 . 23 6 . 8  ± 0 . 73 8 . 6  ± 0 . 3 1 
I 
340 . 1 ± 20 . 4  336 . 6  ± 1 4 . 25 325 . 4  ± 1 . 86  
1 5 . 3  ± 3 . 26 1 2 . 4 ± 1 . 67 1 1 . 3 ± 1 . 0 1  
7 . 3  ± 1 . 1 8  6 . 2  ± 0 . 68 6 .  1 ± 0 . 47 
2 . 6  ± 1 . 48 1 . 8 ± 0 . 93 1 . 8 ± 0 . 74 
8 . 4  ± 9 . 04 3 . 4  ± 2 . 8 1 4 . 5  ± 7 . 76 
306 . 8  ± 60 . 39 298 . 1  ± 6 1 . 35 277 . 4 ± 5 . 1 8  
1 64 . 4 ± 1 9 . 1 4  1 59 . 0  ± 62 . 57 1 57 . 0  ± 1 3 . 89 
0 . 346 ± 0 . 1 5 1 0 . 3 1 6 ± 0 . 1 05 0 . 1 73 ± 0 . 0 1 0  
342 . 0  ± 1 02'. 99 258 . 4  ± 39 . 84 260 . 3  ± 49 . 46 
58 . 6  ± 20 . 03 46 . 1 ± 8 . 60 47 . 0  ± 8 . 97 
5 . 88 ± 2 . 494 5 . 09 ± 0 . 88 1  5 . 06 ± 0 . 947 
3 . 0  ± 0 . 82 4 . 7  ± 1 . 3 1  6 .' 0 ± 0 . 0 1 
26 . 3  ± 2 . 5 1 26 . 6  ± 1 . 07 26 . 6  ± 0 . 20 
39 . 6  ± 0 . 78 39 . 7  ± 0 . 69 39 . 1  ± 0 . 3 1 
8 . 1  ± 0 . 1 2  8 .  1 ± 0 . 1 3  8 . 0 ± 0 . 1 0  
' 
1 2 . 6  ± 0 . 98 1 2 . 6  ± 0 . 37 1 2 . 7  ± 0 . 08 
1 . 4 ± 0 . 04 1 . 4  ± 0 . 04 1 . 4 ± 0 . 03 
94 . 6  ± 2 . 92 84 . 6  ± 2 .  1 5  94 . 7  ± 1 . 06 
27 . 6  ± 0 . 85 27 . 5  ± 0 . 78 26 . 7  ± 0 .'1 4 
TABLE 9 
MEAN AND STANDARD DEVIATION OF WATER QUALITY VARIABLES ( at 1 m) IN  LAKE ONTARIO , APRIL  26-30 , 1 982 
, 
Zone H n= 1 1 )  Zone 2 ( n= l 3 )  Zone 3 ( n=7 ) Zone 4 ( n= 1 1 )  Zone 5 ( n=27 ) Zone 6 ( n= l 7 )  
Temperature ( ° C) 3 . 0  ± 0 . 50 2 . 4 ± 0 . 54 2 . 7 ± 1 . 1 4  2 . 7  ± 0 . 58 2 . 2  ± 0 . 37 1 . 7 ± 0 . 1 2  
Conducti v i ty ( �S )  306 . 5  ± 5 . 92 309 . 1  ± 5 . 30 286 . 0  ± 1 5 . 80 30 1 . 5  ± 1 3 . 33 308 . 2  ± 1 0 . 83 309 . 4  ± 3 . 1 4 
Total Phosphoru s 1 3 . 2  ± 1 . 56  1 2 . 8  ± 0 . 48 1 6 . 0  ± 1 . 46 1 4 . 0  ± 1 . 4{) 1 2 . 7  ± 1 . 37 1 2 . 4 ± 0 . 6 1 
Total F i l tered Phosphorus 6 . 1  ± 0 . 65 7 . 4  ± 1 . 34 6 . 9  ± 1 . 30 8 . 4  ± 2 . 08 8 . 5  ± 1 . 03 8 . 9  ± 0 . 36 
Sol ub l e React i ve  Phosphorus 0 . 8  ± 0 . 2 1  3 . 0  ± 1 . 56 2 . 7  ± 1 . 43 3 .  9 ± 1 . 43 4 . 7  ± 1 . 22 5 . 7  ± 0 . 39 
Ammon i a  4 . 5  ± 2 . 2 1  2 . 6  ± 1 . 34 1 7 . 7  ± 1 3 . 25 3 . 5 ± 6 . 1 9  2 . 0 ± 2 . 55 2 . 4 ± 1 . 1 7  
N i trate + N i tri te 304 . 4  ± 22 . 21 349 . 6  ± 1 7 . 72 335 . 3  ± 1 2 . 24 355 . 2  ± 1 1 ."77 363 . 6  ± 5 . 2 1 368 . 3  ± 2 . 66 
Di s so l ved Organ i c  N i trogen 1 57 . 5  ± 22 . 95 1 53 . 4  ± 1 9 . 03 1 5 1 . 9  ± 9 . 37 1 53 .  2 ± 1 7  . 50 1 49 . 3  ± 1 1 . 68 1 40 . 4  ± 1 4 . 06 
Sol ub l e  Reacti ve  S i l i ca ( mg/L )  0 . 1 7 1 ± 0 . 1 4 1  0 . 347 ± 0 . 06 1  0 . 229  ± 0 . 072 0 . 442 ± 0 . 064 0 . 45 1  ± 0 . 029  0 . 4 1 3  ± 0 . 01 6 
Part i cu l ate Organ i c  Carbon 41 2 . 1 ± 1 52 . 1 9  278 . 4  ± 1 1 1 . 49 29 1 . 3  ± 82 . 93 25 1  . 9 ± 5 1  . 02 1 70 . 7  ± 6 1  . 7 4 1 28 . 7  ± 1 4 . 59 
Parti cu l ate Organ i c N i trogen 70 . 9  ± 22 . 87 50 . 4  ± 2 1 . 70 48 . 0  ± 1 4 . 22 36 . 1  ± 7 .  70 28 . 6  ± 1 1 . 30 2 1 . 6 ± 2 . 1 2  
.Ch l orophyl l g ( corrected) 6 . 5  ± 2 . 30 4 . 9  ± 2 . 9 1 ' 3 . 0  ± 1 .  75 2 . 2  ± 0 . 6 1 2 . 4 ± 1 . 60 1 . 6 ± 0 . 30 
Secchi  Di s c  Depth ( m) 3 .  3 ± 1 . 54 3 . 9  ± 0 . 74 2 . 3  ± 0 . 42 5 . 4  ± 0 . 74 6 . 4  ± 1 .  57 6 . 6  ± 1 . 1 3  
Ch l ori de ( mg / L )  25 . 7  ± 0 . 9 1 26 . 3  ± 0 . 44 20 . 0  ± 2 . 24 25 . 9  ± 2 . 06 26 . 3  ± 0 . 25 26 . 0  ± 0 . 28 
Ca 1 c i  urn ( mg/L )  39 . 1  ± 0 . 80 39 . 2  ± 0 . 68 36 . 8  ± 1 . 79 38 . 8  ± 1 . 34 39 . 4  ± 0 . 60 39 . 0  ± 0 . 39 
Magnes i um ( mg / L )  7 . 8  ± 0 . 2 1  8 . 1  ± 0 . 1 4  8 . 0  ± 0 . 1 6  8 . 0 ± 0 . 1 0 8 . 2  ± 0 . 09 8 . 1  ± 0 . 1 2  
Sod i urn (mg/L )  1 2 . 4 ± 0 . 40 1 2 . 7  ± 0 . 28 1 0 . 2  ± 0 . 94 1 2  . 5, ± 0 . 82 1 2 . 7  ± 0 . 1 7  1 2 . 6  ± 0 . 1 1  
Pota s s i  urn ( mg/L )  1 . 4 ± 0 . 03 1 . 4 ± 0 . 08 1 . 3 ± 0 . 05 1 . 4 ± 0 . 06 1 . 4 ± 0 . 02 1 . 4  ± 0 . 02 
Bi carbonate ( mg/L )  97 . 5  ± 2 . 43 96 . 5  ± 1 . 65 95 . 6  ± 2 . 02 96 . 3  ± 1 . 1 3  96 . 9  ± 0 . 64 96 . 7  ± 1 . 4 1 
Su l phate (mg/L )  27 . 1  ± 0 .  76 27 . 9  ± 0 . 44 25 . 1  ± 1 . 0 1 27 . 6  ± 0 . 95 27 . 8  ± 0 . 27 27 . 7  ± 0 . 34 
Al l uni ts �g/ L except where i nd i cated . 
0'1 
(]1 
TABLE 1 0  
MEAN AND STANDARD DEVIATION OF HATER QUALITY VARIABLES ( at 1 m) I N  LAKE ONTARIO ,  SEPTEMBER 1 3- 1 7 ,  1 982 
Temperature ( 0C) 
Conducti v i ty (�S )  
Total Phosphorus 
Total F i l tered Phosphorus 
So l ubl e React i v e Phosphorus 
Ammon i a  
N i trate + Ni tri te 
Di s sol ved Organ i c  Ni trogen 
Sol ubl e Reacti ve Si l i ca (mg/L)  
Parti c u l ate Organi c · Carbon 
Parti c u l ate Organi c Ni trogen 
Ch l orophyl l � ( corrected ) 
Secchi  Di s c  Depth (m) 
Ch l ori de ( mg/U 
Ca 1 c i  um (mg / L) 
Magnes i um (mg/U 
Sodi um (mg/L )  
Potas s i um (mg/L )  
Bi carbonate (mg/L )  
Su l phate ( mg/L) 
Zone l ( n=l l )  Zone 2 ( n= l 3 )  Zone 3 ( n=7 ) Zone 4 ( n= l l )  Zone 5 ( n=27 ) Zone 6 ( n= l 7 )  
1 7 . 9  ± 0 . 28 1 7 . 9  ± 0 . 76 1 6 . 7  ± 1 . 59 1 4 . 4  ± 1 . 34 1 5 . 8  ± 1 . 64 1 8 . 9  ± 0 . 69 
320 . 2  ± 1 2 . 25 320 . 2  ± 1 0 . 67 3 1 9 .7. ± 8 . 98 342 . 3  ± 1 5 . 96 329 . 4 .± 1 2 . 87 3 1 6 . 8  ± 1 2 . 74 
1 5 . 3  ± 1 . 45 
6 . 6  ± 0 . 62 
0 . 7  ± 0 . 25 
9 . 8  ± 1 . 89 
80 . 6  ± 1 6 . 84 
1 5 . 0  ± 1 . 38 
7 . 4  ± 0 . 79 
0 . 9  ± 0 . 22 
1 4 . 0 · ± 1 . 84 
7 . 1  ± 1 . 1 3  
0 . 9  ± 0 . 6 1 
1 7 . 5  ± 3 . 02 
6 . 4  ± 0 . 84 
1 .  0 ± 0 .  29  
1 5 . 3  ± 2 . 08 
6 . 9 ± 1 . 6 1  
1 . 1 ± 0 . 42 
1 5 . 4  .± 2 . 48 
7 . 7  ± 1 . 1 4  
1 . 0 ± 0 . 1 9  
8 . 4  ± 4 . 09 1 . 6 ± 0 . 79 1 5 . 5  ± 1 2 . 9 1 4 . 9  ± 4 . 09 3 . 9  ± 1 . 70 
99 . 3  ± 1 6 . 03 1 83 . 4  ± 41 . 1 5 258 . }  ± 77 . 45 1 87 . 3  ± 48 . 97 1 08 . 9  � 24 . 04 
\ 
203 . 0  ± 1 6 . 34 2 1 7 . 5  ± 56 . 82 1 6 1 . 6  ± 25 . 24 1 78 . 0  ± 22 . 29 1 96 . 3 ± 44 . 47 ' 1 80 . 8  ± 27 . 00 
0 . 247 ± 0 . 083 0 . 1 49 ± 0 . 028 0 . 1 A1 ± 0 . 0 1 8 0 . 1 63 ± 0 . 062 0 . 1 65. ± 0 :047 0 . 1 34 ·± 0 . 01 3  
546 . 1  ± 87 . 76 531 . 2  ± 70 . 59 572 . 0  ± 156 . 07 · 668 . 2  ± 36 . 89 553 . 0 .± 98 . 75 579� 9 ± 1 03 . 63 
79 . 0  ± 1 5 . 1 3  
4 . 7  ± 1 . 20 
3 . 3  ± 0 . 35 
25 . 7 ± 0 . 1 7 
36 . 1 ± 0 . 27 
7 . 9  ± 0 . 08 
1 2 . 4  ± 0 . 1 0  
1 . 4  ± 0 . 00 
89 . 6  ± 1 . 54 
27 . 8  ± 0 . 62 
85 . 7  ± 1 7 . 80 
4 . 5  ± 1 . 1 5  
3 . 5  ± 0 . 4 1 
25 . 5  ± 0 . 36 
36 . 3  ± 0 . 48 
7 . 9 ± 0 . 1 7  
1 2 . 3  ± 0 . 1 8  
1 . 4  ± 0 . 00 
90 . 6  ± 1 .  49 
27 . 9  ± 0 . 43 
82 . 4  ± 1 4 . 12 J l 6 �3 ± 1 4 . 90 
3 :Q ±' 0 . 72 
3 . 0  ± 0 . 82 
24 . 0  ± 1 . 36 
3 8 .  1 ± 1 .  44 
8 .  1� ± 0 .  1 9  
1 1  · .:a ± o .  63 
1 . 4  ± 0 . 04 
95 . 2  ± 2 . 1 5  
27 . 5  ± 0 . 97 
4 . 9  ± 1 . 22 
2 . 0 ± 0 . 82 
25 . 7  ± 2 . 24 
38 . 2  ± 1 . 02 
8 . 0  ± 0 . 29 
1 2 . 6  ± 1 . 01 
1 . 5  ± 0 . 08 
95 . 8  ± 1 . 80 
28 . 6  ± 1 . 1 5  
95 . 3  ± 1 8 . 82 
4 . 1  ± 1 . 00 
3 . 1  ± 0 . 52 
24 . 9  ± 1 . 82 
37 . 9  ± 1 . 07 
7 . 9  ± 0 . 1 9  
1 2 . 1  ± 0 . 70 
1 . 4  ± 0 . 03 
95 . 0  ± 2 . 38 
27 . 6  ± 0 . 95 
86 . 1  ± 1 4 . 92 
3 . 8  ± 0 . 86 
2 . 8  ± 0 . 2� 
25 . 0  ± 0 . 79 
36 . 6  ± ,0 . 68 
8 . 1  ± 0 . 06 
1 2 . 2  ± 0 . 3 1 
1 . 4 ± 0 . 00 
91 . 3  ± 2 . 34 
28 . 0  ± 0 . 33 
Al l u n i ts �g/ L  except where i nd i cated . 
TABLE 1 1  
MEAN AND STANDARD DEVIATION OF WATER QUALITY VARIABLES ( at 1 m) IN  LAKE ONTARIO , NOVEMBER 1 5- 1 9 ,  1 982 
Zone l ( n=l l )  Zone 2 ( n= 1 3 ) Zone 3 ( n=7 ) Zone 4 (  n= 1 1 )  Zone S ( n=27 )  Zone 6 ( n= l 7 )  
Temperature ( ° C)  8 . 7  ± 0 . 75 8 . 8  ± 1 . 1 6  8 . 0  ± 0 . 74 4 . 9 ± 0 . 25 5 . 4  ± 0 . 75 8 . 6  ± 1 . 2 5  
Conduct i v i ty ( pS )  320 . 1  ± 3 . 08 320 . 6  ± 2 . 98 306 . 7  ± 1 6 . 1 4  344 . 5 ± 1 7  . 50 33 1 . 4  ± 1 4 . 1 3 325 . 4  ± 4 . 65 
Tota l Phosphoru s 1 5 . 7  ± 2 . 1 8  1 3 . 9  ± 1 . 1 1  1 9 . 0  ± 5 . 1 9  1 3 . 5  ± 1 . 90 1 1 . 0 ± 1 . 1 2  1 2 . 4 ± 2 . 1 2  
Total F i l tered Phosphorus 9 . 9  ± 1 . 67 8 . 8  ± 1 . 1 8  8 . 4 ± 0 . 85 8 . 4  ± 1 . 37 8 . 3  ± 1 . 41 8 . 0 ± 1 .  38 
Sol ub l e Reac ti ve Phos phorus 4 .  1 ± 1 . 09 4 . 0  ± 1 . 00 4 . 3  ± 1 . 62 4 .  1 ± 1 .  22  4 . 1 ± 1 .  50 3 . 3  ± 0 . 83 
Ammon i a  9 . 3 ± 5 . 1 0 1 2 . 0  ± 6 . 24 2 1 . 1  ± 1 0 . 70 6 . 5  ± 1 2 . 23 3 . 1 ± 2 . 58 1 0 . 4 ± 4 . 2 6  
N i trate + N i tri te 242 . 6  ± 29 . 7 6 282 . 3  ± 20 . 98 28 1 . 4  ± 38 . 1 9  400 . 1 ± 9 .  67 371 . 9  ± 40 . 3 1 294 . 4  ± 26 . 40 
Di s so l ved Organ i c N i trogen 1 68 . 3  ± 1 7 . 53 1 53 . 7  ± 24 . 36 1 43 . 9  ± 28 . 23 1 27 . 8  ± 30 . 34 1 45 . 6  ± 2 6 . 20 1 53 . 5  ± 22 . 86 
Sol ub l e  Reac t i ve  S i l i ca ( mg/L)  0 . 474 ± 0 . 1 00 0 . 307 ± 0 . 1 20 0 . 386 ± 0 . 053 0 . 668 ± 0 . 035 0 . 534 ± 0 . 1 2 1  0 . 264 ± 0 . 076 
' 
Part i cu l ate Organ i c Carbon 375 . 1  ± 87 . 74 260 . 1  ± 33 . 2 1 404 . 7  ± 1 83 . 68 245 . 0  ± 7 1 . 05 1 88 . 4  ± 72 . 46 234 . 3  ± 34 . 99 
Parti cu l ate Organ i c  N i trogen 57 . 2  ± 1 4 . 40 41 . 8 ± 4 . 1 9  59 . 9  ± 24 . 59 37 . 4  ± 1 0 . 80 27 . 3  ± 8 . 94 38 . 6  ± 5 . 86 
Ch l orophyl l � ( corrected ) 3 . 7  ± 0 . 95 2 . 6  ± 0 . 70 3 . 3  ± 0 . 75 2 . 5  ± 0 . 89 1 . 66 ± 0 . 97 2 . 0  ± 4 . 6 1  
Sec c h i  Di s c  Depth ( m) 3 . 3  ± 0 . 65 3 . 8  ± 1 . 06 2 . 3  ± 0 . 87 3 . 7  ± 1 . 53 5 . 1  ± 0 . 84 5 . 1  ± 1 . 03 
Ch 1 ori de  ( mg / L )  25 . 6  ± 0 . 24 25 . 5  ± 0 . 63 2 1 . 5  ± 2 . 96 2 6 . 4  ± 0 . 40 26 . 2  ± 0 . 25 2 5 . 5  ± 0 . 46 
Ca 1 c i um ( mg I L )  37 . 1  ± 0 . 4 1 38 . 0  ± 0 . 49 37 . 5  ± 0 . 54 39 . 2  ± 0 . 4 1 39 . 0  ± 0 . 52 38 . 3  ± 0 . 7 1  
Magnes i um ( mg / L )  7 . 9 ± 0 . 1 3  7 . 9  ± 0 . 1 3  8 . 2  ± 0 . 26 8 . 1 ± 0 . 08 8 . 1 ± 0 . 1 3  7 . 9  ± o .  1 0  
Sod i um ( mg / L )  1 2 . 4  ± 0 . 1 4  1 2 . 3 ± 0 . 33 1 0 . 5  ± 1 . 06 1 2 . 6  ± 0 . 28 1 2 . 4 ± 0 . 1 3  1 2 . 2  ± 0 . 1 9  
Potas s i um ( mg / L )  1 . 4 ± 0 . 00 1 . 4 ± 0 . 00 1 . 4 ± 0 . 00 1 . 4 ± 0 . 05 1 .  4 ± 0 .  02 1 . 4 ± o . oo 
Bi carbonate ( mg / L )  93 . 3  ± 1 . 40 93 . 5  ± 1 . 3 1  94 . 1  ± 0 .  99 95 . 4  ± 1 . 08 94 . 1 ± 1 .  1 7  92 . 3  ± 2 . 0 1 
Su l phate C mg / L )  28 . 3  ± 0 . 29 28 . 3  ± 0 . 60 26 . 8  ± 1 . oo 28 . 9  ± 0 . 50 29 . 0  ± 0 . 64 28 . 1  ± 0 . 27 
A l l un i ts  �g/ L  except where i nd i cated . 
Total l oadi ngs  of n i trogen ( as NH 3 , total  Kj el dah l  n i trogen and 
N03 + N02 ) from tri butari es  i mpacti ng on zone 4 are pres ented i n  
Tab l e 1 3 .  I t  i s  apparent that , i n  terms of concentrat i on ,  the Don Ri ver 
ranked h i ghest for a l l three n i trogen compounds  but Twe l ve  M i l e  Creek , by 
v i rtue of i ts l arge fl ow , contri buted by far the greates t  l oad ( =66% or 
4 , 900 t/a  of total fi l tered N ) . Numerou s STPs a l so  d i s charge d i rect l y  i nto 
thi s regi on . The three STPs of greatest  s i gn i fi cance are Toronto Mai n ,  
d i s charg i ng i nto Toronto Harbour ;  Humber , wi th i ts outfa l l l ocated 0 . 5  km 
offshore i n  Humber Bay ; and Hami l ton , d i s c hargi ng i nto Hami l ton Harbour . I n  
1 983 , NH 3 l oadi ngs  from the Hami l ton ( and Bur l i ngton )  STP total l ed 
approx i mate l y  3 , 090 t/a  ( 60) . As a res u l t ,  the 1 983 average annual  
depth-wei ghted NH 3 concentrati on at a mi dharbour s tat i on was 1 , 1 30 
�g / L .  That the se  e l evated NH 3 l eve l s i mpact o n  adj acent nears hore 
waters i n  Lake Ontari o was demonstrated by the spri ng nears hore s u rvey .of 
1 979  ( 6 1 ) ( F i g .  30) . Whi l e  s i mi l ar data for the Mai n and Humber STPs were 
not avai l ab l e ,  i t  s hou l d  be noted that NH 3 l eve l s at a s tati on d i rec t l y  
ov er the Mai n STP outfa l l d i sp l ayed a n  average concentrati on o f  2 , 560 �g/ L  
i n  1 977-78 ( 62 ) . Furth ermore , NH 3 l eve l s wi thi n the v i c i n i ty o f  Toronto 
Harbour  and Humber Bay were not s i gn i fi cant ly  (p <0 . 05 )  d i fferent from those 
i n  the western ti p of Lake Ontari o ( 6 1 ) ( F i g .  30) . Thi s s u rvey al so 
demon s trated that most  of the nears hore waters between Toronto and 
N i agara-on-the-Lake exh i b i ted s i gn s  of enri chment of N03 + N02 and ·  
organ i c n i trogen , parti c u l ar ly i n  the v i c i n i ty of Toronto and Hami l ton 
Harbours ( F i g s . 31 and 32 ) . 
Rel ati ve contri buti ons  of total P to zone 4 are more read i l y  
quanti fi ab l e .  Total tri butary ·total P l oad , aver�ged over 1 98 1 -82 , was 
approx i mate l y  435 t/a . Agai n ,  the Don Ri ver ex h i bi ted the h i ghest  average 
conc entrati on ( 391  �g /L )  but Twe l ve Mi l e  Creek s howed _ the l arges t  l oad 
( 270 t/a ) . Contri buti on s from the Mai n and Humber STPs a l one (440 t /a ) , 
howev er , ex ceeded the  total  tri butary l oad . Wi th i nc lu s i on of the STP l oad 
to Hami l ton Harbour ( 240 t/a)  and that to Lake Ontar i o  d i rect l y  from STPs at 
Mi s s i s sauga , Oakv i l l e  and St . Cathari nes , the total  STP l oad was 
approx i mate l y  780 t / a ,  for a total l oad of 1 , 2 1 5 t/a . Amb i ent mon i tori ng of 
nears hore water qual i ty i n  spri ng 1 979 i nd i cated that . enri chment by total P 
occurred from Toronto to Hami l ton and between St . Cathari nes  and the N i agara 
Ri ver , but no d i fferent i ati on cou l d  be made between tri butary and STP 
i mpac ts ( F i g .  33) . 
Zone 3 d i sp l ays s ub stanti al  grad i ents  i n  water qual i ty from the N i agar.a 
Ri ver to the Gen esee Ri ver . Duri ng four  surveys conducted i n  1 98 1 , waters 
i n  the wes tern end of zone 3 were domi nated by d i s c harge from the N i agara 
Ri ver ( 63 ) . Murthy et al . ( 64) , i n  deve l opi ng a tran sport mod e l  of the 
N i agara Ri ver p l ume , determi ned that the extent to wh i ch the p l ume domi nated 
waters i n  zone 3 was rel ated to the prevai l i ng wi nd d i recti on and the ri ver 
d i s charge ve l oc i ti es . App l yi ng mode l  resu l t s to obs ervati onal  data from 
November 8- 1 0 ,  1 982 , they were abl e to determi ne concentrati on contours  
based on  the  cont i nuou s rel ease of a con s ervati ve pol l utant wi th a source 
concentrati on of 1 0  mg / L .  The re s u l tant p l ume for three wi nd reg i mes  i s  
i l l u s trated i n  F i g .  34 . The p l ume trave l s  more to the east i n  the presence  
of southwester l y  wi nds , but  i s  centred more around the ri ver mouth when 
wi nds  are norther l y .  When wi nds  are from the eas t ,  the p l ume extend s more 
to the wes t  ( 64) . Al though not prov i ded , i t  wou l d  be expec ted that , 
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TABLE 1 2  
TROPHIC STATE AND ASSOCIATED COMPOSITE 
TROPH IC  I NDEX ( CTI ) VALUES 
TROPHIC STATE CTI 
Eutrophi c ( poor ) ) 1 1 . 0 
Eutrophi c /mesotrophi c 9 . 0 - 1 1 . 0 
Mesotroph i c  { fai r)  4 . 6  - 8 . 9  
O l i gotrophi c /mesotroph i c  3 . 1 - 4 . 5  
Ol i gotroph i c  <3 . 1 
TABLE 1 3  
AVERAGE NITROGEN LOADI NG FROM TRJ BUTARI ES TO 
ZON E 4 ( 1 98 1 - 1 982 ) 
. Ammon i a  N i trate+N i tri te 
llg / L  t/a  llg/ L t/a  
Rouge R i ver  28 . 2 .  1 1 65 .  68 . 
H i gh l and Creek 44 . 2 .  1 1 52 .  48 . 
Don R i ver  300 . 42 . 3300 . 464 . 
Humber  R i ver 89 . 2 1 . 1 000 . - 232 . 
Etobi coke Creek 1 23 .  1 0  . . 85 1 . 66 . 
Cred i t Ri ver 37 . 1 1 .  1 1 25 .  3 1 9 .  
Oakv i l l e  Creek 94 . 4 .  1 32 1  . 52 . 
Twe l ve  M i l e  Cr . 30 . 1 87 .  40 . 2494 . 
Twenty M i l e  Cr . 1 35 .  1 5 .  1 670 .  1 80 .  
We l l and  Cana l  28 . 3 .  303 . 27 . 
Cal c u l ated u s i ng data from Referenc e  ( 220) . 
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Total  K_iel dahl  N 
llg / L  t / a  
60 . 35 . 
52 . 22 . 
2600 . 366 . 
700 . 1 63 .  
900 . 70 .  
47 . 1 33 .  
89 . 35 . 
39 . 2432 . 
1 1 30 .  1 22 .  








AMMONIA (JJg /L) 
Spring 1 979 
20 30 40 50 Zone N Mean S.D. Rang• 
Kolometres � 1 55 25 33 6-35 
� 1 9  141 108 39-448 
19" oo· 
DISTRIBUTION OF AMMONIA IN THE NEARSHORE SURFACE WATERS OF 










NITRATE PLUS NITRITE (l.lg /l) 
Spring 1979 
Zone N MMn S.D. �g• 
f7Zl 1 1  242 28 1 90-277 20 40 50 0 10 30 � 141 349 2 302-398 
Kilometres fD 17  438 28 402-500 
FIGURE 31 . 
- 3 571 54 508-607 
- 2 642-1 ,630 
79" oo· 
DISTRIBUTION OF NITRATE + NITRITE IN THE NEARSHORE SURFACE WATERS 
OF WESTERN LAKE ONTARIO, 1 979. 











ORGANIC NITROGEN (IJQ /L) 
Spring 1 979 
Zone N ...... S.D. Rens• 
� 135 215 22 164-258 20 30 40 50 C·:·:·l 34 289 23 260-344 
K•lometres � 3 an 33 353-415 
- 2 559-1,030 
19" oo· 
DISTRIBUTION OF ORGANIC· NITROGEN IN THE NEARSHORE SU�FACE 











TOTAL PHOSPHORUS (JJg /L) 
Spring 1 979 
Zone N MeM S.D. RM1fl• 
30 so Em 127 17 2 13-22 
[B 41 25 5 21-42 
- 6 38-136 
19" oo· 
DISTRIBUTION OF TOTAL PHOSPHORUS IN THE NEARSHORE SURFACE 











SIMULATED CONCENTRATION CONTOURS USING THE COMPUTED CURRENTS 
UNDER THREE WIND REGIMES. 
Wind regimes denoted by arrows. 
Source: Reference (64). 
whe n  wi n d s  are from the  northwe s t  or wes t ,  as  i s  common dur i ng  the  s ummer  
month s ,  the  p l ume wi l l  extend  even fu rther to  the  east  i n  the  coasta l  zon e .  
Duri n g  the  s trat i f i ed peri od i n  1 98 1 , Rockwe l l  and  Pal mer ( 63 )  foun d  that 
the  p l ume was confi ned  pri mari l y  to the epi l i mn i on wi th i n  the s tu dy area 
( i . e . wi th i n 6- 1 0  km of the ri ver  mouth ) .  Due to red u c ed v erti c a l  m i x i ng ,  
the  areal  extent  of i mpact  of the N i agara R i ver wou l d  b e  even  greater . 
Numero u s  i nputs  from unmon i tored c reeks a l ong the  U . S .  south  s hore , a s  
wel l a s  the  effect s  o f  n earshore/offs hore mi x i ng ,  contri bute  t o  t h e  
pronounced  grad i en t s  e xh i b i ted  by s ev eral  water q u a l i ty var i a b l e s , 
parti c u l ar l y phos phoru s and c h l ori d e ,  i n  zon e  3 .  Duri ng  Lake Er i e • s 
i sotherma l per i od s , res u s pen s i on of s ed i ment i n  eastern  Lake Er i e res u l ts  i n  
e l evated l ev e l s of total P i n  the  N i agara R i v er and , h e n c e , i n  zon e  3 .  The 
majQr i ty of t h i s materi a l  appears to be a s so c i ated wi th  the  part i c u l ate 
frac t i on d ur i ng  th i s per i od and  therefore i s  l i ke l y  to be b i ol og i ca l l y  
unavai l ab l e .  Con s equent l y ,  a l gal  b i omas s  i nd i cators do not refl ect  t h i s 
contri but i on . Dur i ng  Lake Er i e • s  s trati fi ed  peri od , the  N i agara R i ver  i s  
actua l l y  d ep l eted  i n  phos phorus re l ati v e  to Lake Ontari o and  s e rves  to 
d i l u te ep i l i mnet i c tota l P concen trati on s . The U . S .  EPA n ears hore s tu dy of 
the  N i agara R i �er p l ume i n  1 98 1  demons trated th i s effect , wi th  tota l  P 
l ev e l s ex h i b i t i ng a decrea s i ng grad i ent  from the  source  area to the  l ake i n  
Apri l and  Oct9ber , and  an i n crea s i ng  grad i ent i n  Augu s t  ( 63 ) . 
The con centrat i on of c h l or i d e  i s  redu c e d  throughout the  year i n  zon e  3 ,  
re l at i ve  to a l l other zones , d u e  to comparat i v e l y  l ow l ev e l s of  s a l i n i ty i n  
Lake Er i e .  For e xamp l e ,  the  average annua l  c h l ori d e  concen trat i on  i n  the  
N i agara R i v e r ,  as  meas ured at Fort Eri e ,  was  1 6 . 1  mg/ L  i n  1 984 and  was  
i n creased  by on l y  0 . 7  mg / L  by i nputs  a l ong the  course  of the  ri v e r .  
Ch l ori d e  conc entrat i on s  i n  t h e  rema i n i ng fi ve  zon e s  i n  Lake Ontari o ranged 
from 2 6-28 mg / L ,  i nd i c at i ng  that there are s u b s tant i a l  l oad i ngs  of c h l or i d e  
to t h e  l ake from sourc e s  other than the N i agara R i v e r .  
Zone 2 ex i s ts a s  a narrow ( 5- 1 0  km) n ears hore band from t h e  Gen e s e e  
R i ver  ( Rochester  Harbor) to Mex i co Bay . From there i t  appears to fo l l ow the  
c i r cu l ati on  pattern d i s c u s s ed by S i mon s and  Schertzer ( 27 )  where i n 90% of 
tran sport a l ong the south s hore recyc l e s i n to the mi d l ake regi on . The 
apparent tran s port of zon e 2 water to the north s hore may be  real  or 
i t  may repre s ent  a grad i ent  i n  res pon s e  to mi x i ng of waters  from zone 1 and  
zon e  5 ,  rath er than any phys i ca l  tran s port . 
The two pri n c i pa l  sourc es  of i nput to zone 2 are  the  Gen e s e e  a n d  the  
Oswego R i vers , wi th mean annua l  f l ows of 1 76 and  95 m3 / s , respect i v e l y ,  
for 1 98 1  a n d  1 982 combi ned . Wi th a comb i ned  dra i nage bas i n area o f  1 9 . 6  x 
1 0 3 km2 , the se  two r i vers  ac count  for approx i matel y 60% of the  U . S .  
Lake Ontari o d ra i nage bas i n  area . F l ow from the s e  two tri butari e s  a l one  
exc eeded  that of  a l l Ontar i o  tri butari e s  to zon e 4 i n  1 98 1  and  1 982 . 
N ume rous  ( =3 5 )  other tri butari e s  a l so d i s charge to th i s  zone .  The 
Wayne-Cayuga comp l ex i nc l ud e s  n i n e  tri butari e s  betweeh I rondequoi t Bay and 
Oswego and  has a tota l d ra i nage bas i n  area of 1 . 8 x 1 0 3 km2 ( 66 )  
wh i l e  the  Sa l mon Ri ver  comp l e x ,  l ocated betwe en Oswego and  Sacketts Harbor , 
accounts  for a fu rther 1 6  r i vers  and  creeks and has  a comb i ned  dra i n age  area 
of 2 . 7  x 1 0 3 km2 . 
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Tri butary l oad i ngs  cou l d be  ca l c u l ated for on l y  the  Oswego and  Gen e s e e  
R i vers  and Sandy Creek ,  b u t  together they repre s ent  83% o f  t h e  drai nage to 
zone 2 .  Average l oad i ng s  of total P ,  N03 + N02 ( fi l tered ) , 
NH 3 ( fi l tered ) and total  Kj e l dah l  n i trogen ( fi l tered ) from the s e  
sources  i n  1 98 1  and  1 982 are pre s ented  i n  Tab l e 1 4 .  Tri butary l oa d i ngs  to 
zone  2 a l ways exceeded  tho s e  to zon e 4 .  The s e  d i fferen c e s  i n  l oad become 
even  greater wh en e s t i mates  are prov i ded  for the u nmon i tore d  porti on of 
N ew York ' s  dra i nage to zon e 2 .  E s t i mates  were not avai l ab l e for 1 98 1  and  
1 982 but , u s i ng Lang ' s  ( 66 )  ca l c u l at i on s  for 1 97 9  and  1 980 , tri butari e s  i n  
the Wayne-Cayuga and  Sa l mon comp l e x e s  contri buted , on av erage , an 
add i ti ona l 28% total  P ,  1 1 % tota l Kj e l dah l  n i trogen , 23% N03 + N02 
and 7% NH 3 • 
TABLE 1 4  
AVERAGE LOADI NGS OF PHOSPHORUS AND N I TROGEN FROM THE GEN ESEE  RIVER , 
OSWEGO RIVER AND SANDY CRE EK ,  N E� YORK 1 98 1 - 1 982 . 
( tonnes  per  year) 
TOTAL N I TRATE + TOTAL KJ ELDAH L 
TRI BUTARY PHOSPHORUS N I TRITE  AMMON IA N I TROGEN 
Gen e s e e  R i ver  336 2608 1 006 2541  
Oswego R i v e r  427 256 1  J 236  6388 
Sandy Creek 1 1  207 8 85 
TOTAL 774 5376 2242 8929  
Ca l c u l ated from raw data  from the U . S .  Geo l ogi ca l  Surv ey . 
Des p i te  the h i gher tri butary l oad i ngs , howev er , water qua l i ty i n  zone 2 
was a l mo s t  cons i s tent l y  equa l  or s uperi or to that i n  zon e 4 i n  1 98 1  and  
1 982 . Th i s may be d u e  to the fact that d i rect  STP d i s charg e s  to the  
nears hore waters  of zone  4 ( 1 7 . 7 m3 / s )  were , i n  1 98 1 , a l mo s t  four  t i me s  
that d i s charged to the  nears hore waters  o f  zon e 2 ( 4 . 8  m3 / s ) . For 
examp l e ,  On tari o STPs contri buted  an add i t i ona l  675 t / a  of tota l  P i n  1 98 1  
to zon e 4 ,  wh ereas N ew York STPs contri buted  on l y  1 50 t / a  t o  zon e  2 .  
Di fferen c e s  i n  mi x i ng d epth between the  two zone s  wou l d  a l so  co�tri bute  
to  water qua l i ty d i fferenc e s . The average bottom d epth i n  zone  2 i s  50 m 
compared wi th 33 m i n  zon e  4 .  Con s equent l y ,  . dur i ng i sotherma l cond i t i on s , 
the average vol ume per u n i t s u rfac e area avai l ab l e for d i l ut i on of i nputs  i s  
approx i mate l y  55% greater i n  zone 2 .  S i mi l ar cond i t i on s  e x i s t  d u r i ng  the . 
s trat i fi ed  per i od as , dur i ng  three s ummer cru i s e s  i n  eac h of  1 98 1  and  1 982 , 
epi l i mn i on th i ckn e s s  i n  zon e  2 averaged 36% and  62% greater than i n  zon e 4 ,  
respect i v e l y .  
Zone 1 ,  repre s ent i ng  the  Ki ng ston bas i n ,  d i ffers  from adj acent  zone s  
pri n c i pa l l y  wi th respect  to concen trati ons  o f  so l u b l e nutr i e n t s  ( total  
f i l tered P,  so l u b l e reac t i ve  P ,  NH 3 , N03 + N02 , so l u b l e react i v e  
s i l i ca )  and a l ga l  b i oma s s  i nd i cators ( POC , PON , c h l �) . On s et o f  t h e  spr i n g  
d i atom growth pha s e  take s p l ace  mu ch  earl i er i n  t h e  Ki ng ston bas i n than 
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other regi ons  of Lake On tari o ,  genera l l y  peaki ng whi l e  the  bas i n i s  s t i l l  
i ce-covered ( 48 , 55 ) , h e n c e  b i omas s  i nd i c ators are con s i derab l y  greater i n  
zone 1 than i n  adj acent  zones and so l u b l e nutri ents  exh i b i t greater 
d ep l et i on . Note that d i fferences  i n  water qua l i ty between zone  1 and other 
zone s  become l es s  apparent  duri ng the s ummer s trati fi ed and fa l l turnov er  
peri ods d u e  to  the  coi n c i dence  of a l gal s easonal  cyc l e s .  
The  stronge s t  ev i d en c e  demons trat i ng the  degree of s eparat i on between 
water mas s e s  i n  the Ki ngston bas i n  and the mai n l ake i s  afforded by the  
respect i v e  rates  of  hypo l i mnet i c oxygen dep l et i on of the  two water bod i e s . 
The vo l umetri c hypo l i mnet i c oxygen dep l et i on (VHOD) rates  i n  the  mai n body 
of the  l ake were 8 . 4  and 1 1 . 3 �g / L • d  i n  1 98 1  and 1 982 , respect i v e l y ,  
s i mi l ar t o  VHOD rates  reported by Dob son ( 68 )  for t h e  ear l y  1 970s . I n  the  
Ki ngston ba s i n ,  however , VHOD rates of 7 6 . 0  and 7 1 . 5  �g/ L• d  were 
ob s erv ed i n  1 98 1  and 1 982 , respect i v e l y .  Furthermore , t he se  rate s  are not 
s i gn i fi c an t l y  d i fferent from thos e obs erved from 1 975  to 1 97 9 , exc l ud i ng 
1 97 6  ( Fi g .  35 ) , i nd i cati ng that no apparent  trend has occurred i n  VHOD rates 
coi n c i dent  wi th decreas i ng phos phoru s l oads . 
Factors  l ead i ng to the  ear l y  d i atom growth h av e  not been  d i s c erned , but  
may b e  re l ated to the  h i gh areal  l oad of so l u b l e reacti v e  s i l i ca .  The  B l ack 
Ri ver  ori g i nates  i n  the  Precambri an Sh i e l d and , con s equent l y ,  contri butes  
s i gn i fi cant  l oad i ngs  of s i l i ca to  the  bas i n ( 2 . 34 x 1 04 t / a , average of 
1 98 1  and 1 98 2 ) . Th i s regi on a l so rece i v e s  s i gn i fi cant  l oad i ngs  of 
phosphorus from the B l ack R i ver  ( 1 64 t / a , average of 1 98 1 -82 )  and the  Bay of 
Qui n te ( 480 t / a )  ( 69 ) . Th i s h i gh l oad i ng i s  not refl ected i n  amb i ent  total 
P l e� e l s ,  however , pres umab l y  due  to a l gal  uptake , s ed i mentati on of 
part i c u l ate  phosphoru s ( fac i l i tated by bas i n  morphometry) and down stream 
transport v i a the  St . Lawrence  Ri v e r .  The l as t  factor i s  e spec i a l l y  
s i gn i fi cant  for export from Qu i nte , a s  there i s  a predomi nan t l y  c l ockwi s e  
c i rcu l at i on pattern around Amh erst  I s l and whi c h  wou l d  s erve to def l ect  · 
i nputs  from the  Bay of Qui nte  east through the  North Chann e l  d i rec t l y  i nto 
the  St . Lawren c e  R i v e r  ( 70 ) . 
Spec i fi c  N ears hore Areas 
Spec i fi c  nears hore areas have been the  s ubj ect  of l i mnol ogi c a l  
i nv e s t i gati on s of v aryi ng i nten s i ty i n  recent years . Su ffi c i e n t  i n formati on 
now ex i s t s  wi th respect  to the eu troph i cati on i s s u e  to warrant th ei r 
i nc l u s i on i n  th i s report . 
Toron to Harbour 
Toronto Harbour d i s p l ays water qua l i ty rang i ng from that i nd i c at i v e  of 
h i gh l y  eutrop h i c to mesotroph i c cond i t i on s . I n  a comprehen s i v e  rev i ew of 
1 97 6  to 1 983 Toronto Harbour water qua l i ty data , Pou l ton and Gri ffi ths  ( 62 )  
s e l ected 1 1  water  qua l i ty vari ab l e s that exh i b i ted s i gn i fi can t s pati a l  
vari abi l i ty t o  determi ne  an average water qua l i ty zonati on pattern . Data 
were s e l e cted from 1 97 7  and 1 978  dry weather cru i s e s . Spati a l  vari ati on s 
were s eparated from temporal u s i ng the ana l ys i s of vari an ce  method of  
E l -Shaarawi and Kwi atkowski ( 57 ) , and a common group of zones  was  then 
defi ned by c l u s ter ana l ys i s of pri n c i pal  components . The r e s u l tant zonat i on 
map i s  pres ented i n  F i g .  36 . Water qua l i ty res u l ts  for each zone duri ng 
- 76  -
1 4  


















Julian Day · 
250 
HYPOLIMNETIC OXYGEN DEPLETION IN THE KINGSTON BASIN, LAKE ONTARIO, 





T l 0 
T 2  0 







1 000 500 0 800 1 OOd METRES 
FIGURE 36. TORONTO HARBOUR ZONATION BASED UPON CLUSTER ANALYSIS OF 
PRINCIPAL COMPONENTS DERIVED FROM 1 977-1 978 DRY WEATHER 
CRUISE MEANS OF WATER QUALITY VARIABLES. 
Source: Reference (62). 
1 977  and  1 978  are pres ented i n  Tab l e 1 5 . S i mi l ar ana l ys i s app l i ed to the  
res u l ts  of  a more s pati a l l y  i n ten s i ve  s u rv ey i n  J u n e  1 983 s u b s tant i ated the  
earl i er zonat i on ( Tab l e 1 6 ) .  · 
Zon e  T6 , s i tuated at the  mouth of the Don R i v e r  and  encompa s s i ng the  
Keati ng Chan n e l , and  zone T5 , l ocated d i rect l y  over the  Ma i n STP d i s c harge 
beyond the  harbour , ex h i b i ted the h i ghest  CTI va l u e s  ( s ee  page 59  for 
defi n i t i on of CTI ) of any reg i on i n  Lake Ontari o .  Th e s e  v a l u e s  were 
i nd i c at i ve  of extreme l y  eu troph i c cond i t i on s . The s e  zone s ,  however , were i n  
c l o s e  prox i mi ty to maj or poi nt  source s  and  were fai r l y  re s tr i cted  i n  the i r 
extent . Upon enteri ng the  I n ner Harbou r ,  the  s ever i ty of i mpact  of the  Don 
R i ver was q u i ck l y ame l i orated . Con s equent l y ,  the  maj ori ty of the  I n n e r  
Harbour d i s p l ayed eutroph i c /mesotrop h i c cond i t i on s  ( CTI  = 1 0 . 0 ) e x c ept  for a 
restr i c ted area wi th i n 500 to 1 , 000 m of the  Keat i ng ·chann e l  where 
cond i t i on s  rema i ned  eutroph i c  ( CTI = 1 1 . 9 ) .  Pou l ton and  Gri ffi th s  ( 62 )  
noted that there was a g en eral  throughput  of l ake water  from the  We st  Gap to 
the East  Gap ( s ee  F i g .  3 6 )  wh i ch contri b uted to the  rap i d d i l ut i on of i nputs  
to  the  I nner Harbou r .  Th i s red u c ed retent i on , howev er , re s u l ted  i n  
i n creased  l oad i ngs  of nutr i ents  to the  general  n ears hore area and  
contri buted  s u b s tant i a l l y  to  degradati on of the  water  qua l i ty i n  the  open 
l ake zon e 4 .  
Di s charge from the  Mai n STP , l ocated beyond  the  h arbour l i mi t s , was 
rap i d l y  d i spersed due  to l ongshore transport . Th i s was apparent  from the  
work of Pou l ton and  Gri ffi th s  ( 62 ) , wh i c h d emon s trated that the  mos t  s evere  
i mpact from the  Mai n STP  was  l i mi ted to  wi th i n 1 km  of the  outfal l ,  even  
though the average STP  d i s charge ( 8 . 5  m3 / s )  was  twi c e  that  of the  Don 
R i ver . Agai n ,  t h i s rap i d d i l ut i on contri buted to the general  deteri orati on 
i n  water qua l i ty observed i n  open l ake zon e  4 ,  parti c u l ar l y  wi th respect  to 
l ev e l s of NH 3 , organ i c  n i trogen and  total P .  
Duri ng  peri od s D f  s torm runoff , water qua l i ty cond i ti on s  i n  Toronto 
Harbour ex h i b i ted marked degradati on ( Tab l e 1 7 ) . Total  P and  turbi d i ty 
s howed s i gn i fi cant ( p  <0 . 05 )  i ncrea s e s  ov er dry weather cond i t i on s  d u r i ng 
mos t  even ts ; i n creased  NH 3 and  decreased Secch i  d i s c  d epth were a l so  
observed , a l though not as  frequen t l y  ( 62 ) . The  actua l  e xtent  and  s ever i ty 
qf i mpact was h i gh l y  vari ab l e ,  b e i ng d ependent  on w i nd  d i rec t i on and  harbour 
c i rc u l at i on ,  a s  we l l as  amount  and  geograph i c  d i s tri but i on of rai n fa l l and  
runoff wi t h i n the  waters hed . Di s tri but i on of turb i d i ty dur i ng two runoff 
epi sodes  i n  1 977  i l l u s trates th i s phenomenon ( F i g .  37 ) .  
Con d i t i on s  i n  the Outer Harbour exh i b i ted a s i mi l ar dec l i n e i n  water 
qua l i ty due to tran sport from the I nner  Harbou r througn the  East  Gap and 
from the  s h i p turn i ng bas i n  v i a the  R . L .  Generat i ng  Stat i on ( Th i s l atter 
source  has  s i n ce  been termi nated ) . S i gn i fi c an t l y (p  <0 . 05 )  i n creased  l ev e l s 
of total P and  turbi d i ty re s u l t i ng from outfl ow from the  Outer Harbour were 
detec ted as  far away as  the  Toronto I s l and water i n take . 
Humber Bay 
Humber Bay i s  cont i n uous wi th Toronto Harbour and  rec e i v e s  an 
u nquant i fi ed amount of l oad i ng d i rect l y  from the  harbour v i a the  West Gap · 
and  i nd i rec t l y from the East  Gap v i a l ongs hore c u rrent s . Water enter i ng  
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TABLE 1 5  
TORONTO HARBOUR WATER QUALI TY DATA , 1 977-78 DRY WEATHER  CRUI S ES 
VARIABLE ZON E 1 ZON E 2 ZON E 3 
Ammon i a  0 . 099 0 . 095 0 . 094 
o .  1 1 5 0 . 1 34 0 . 08 1  
Tota l Kj e l dah l  0 . 39 0 . 46 0 . 50 
N i trogen o .  1 7  0 . 1 7  o .  1 3  
N i trate + n i tr i te 0 . 28 0 .  3 1  0 . 33 
0 . 02 0 . 03 0 . 05 
Total  Phosphoru s 0 . 020 0 . 028  0 . 036 
0 . 007 0 . 0 1 3  0 . 020 
Total  F i l tered 0 . 0 1 0 0 . 0 1 1 0 . 0 1 3  
Phosphorus  0 . 004 0 . 006 0 . 005 
Sol u b l e Reacti ve 0 . 044 0 . 005 0 . 005 
Phosphorus 0 . 003 0 . 006 0 . 004 
Sol u b l e Reacti ve 0 . 080 0 . 065 0 . 087 
S i l i ca 0 . 037 0 . 028  0 . 090 
D i s so l ved  Organ i c  3 . 8 1 4 . 5 1  4 . 25 
Carbon 2 . 08 2 . 7 9  2 . 42 
Conduct i v i ty 338 . 358 . 377 . 
(pS )  8 .  1 9 .  2 1 . 
pH 8 . 7  8 . 6  8 . 7  
0 . 1  0 . 3  0 . 7  
Ch l ori d e  2 9 . 9  34 . 2  39 . 0  
1 . 7 3 . 7  6 . 4  
Turb i d i ty( FTU ) 0 . 94 1 .  76  2 . 1 2  
0 . 37 0 . 86 1 . 3 6 
Su spended  Sol i d s 1 .  67 2 . 94 4 . 2 1  
0 . 54 1 . 1 4  2 . 08 
Sec  c h i  D i s c  3 .  1 9  1 . 88  1 . 40 
(m )  1 . 44 0 .  70 0 . 36 
Upper n umber - mean 
Lower number - s tandard dev i ati on 
Un i ts are mg/ L  un l e s s  stated otherwi s e  
Sourc e : Referenc e  ( 62 ) . 
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ZON E 4 ZON E 5 
0 . 34 2 . 56 
0 . 30 2 . 38 
0 . 89 3 . 52 
0 . 38 2 . 50 
0 . 45 0 . 23 
0 .  1 2  0 . 03 
0 . 057 0 . 1 23 
0 . 027  0 . 085 
0 . 02 1  0 . 060 
0 . 0 1 4  0 . 066  
0 . 0 1 0 0 . 033 
0 . 0 1 3  0 . 04 1  
0 . 29 0 . 2 9 
0 . 38 0 . 33 
4 . 62 5 . 53 
1 .  92 3 . 02 
448 . 453 . 
55 . 85 . 
8 . 5  8 . 3  
0 . 2  0 . 7  
54 . 4  52 . 6  
1 2 . 8  1 4 . 4  
3 . 70 2 . 1 2  
3 . 45 1 . 2 6  
7 . 75 3 . 95 
4 . 84 2 . 03 
0 . 99 1 . 49 
0 . 3 1 1 . 1 5  
ZON E 6 
1 .  79  
1 . 22  
2 . 49 
1 .  1 3  
1 .  1 0  
0 . 84 
0 .  1 6 1 
0 . 08 1  
0 . 096 
0 . 069  
0 . 07 1  
0 . 062 
1 . 45 
1 . 38 
6 . 47 
2 . 58 
845 . 
2 3 1 . 
7 . 97 
0 .  1 8  
1 38 .  
54 . 
1 4 . 2  
6 . 9  
" 
26 . 6  
8 . 9  
0 . 32 
0 .  1 7  
TABLE 1 6  
TORONTO HARBOUR WATER QUALITY DATA , JUNE i 983  
VARIABLE ZON E 1 ZON E 2 ZON E 3 
Total  Kj e l dah l 0 . 36 0 . 45 0 . 53 
N i trogen 0 . 1 3  0 . 08 0 . 09 
Tota l  Phosphoru s 0 . 0 1 8  0 . 024 0 . 027  
0·. 006 0 . 007 0 . 006 
Turb i d i ty( FTU ) 1 . 08 1 . 23 1 .  74  
0 . 44 0 . 7 1  0 . 56 
S u s pended Sol i d s 1 . 28  1 . 77  2 . 68 
0 . 4 1 1 . 05 0 . 56 
Secch i  D i s c ( m) 3 . 57 2 . 96 2 . 1 8  
1 . 04 0 . 67 1 . 40 
Conduct i v i ty(].lS )  349 . 35 1 . 373 . 
5 .  6 .  1 0 .  
Ch l orophy l l � 3 . 0 1  4 . 99 8 . 33 
( }lg / L )  1 . 1 7  1 .  93 2 . 65 
-uncorrected 
Ch l orophy l l � 2 . 64 4 . 45 7 . 36 
(}lg / L )  1 . 1 8  1 . 80 2 . 4 1 
-corrected 
Upper n umber - mean 
Lower n umber - s tandard dev i at i on 
Un i ts are mg/ L  un l e s s  s tated otherwi s e  
Sou rc e :  Refe�enc e  ( 62 ) . 
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ZONE 4 ZON E 5 
0 . 75 2 .  1 2  
0 . 25 2 . 53 
0 . 039  0 . 054 
0 . 0 1 5  0 . 057 
2 . 57 1 . 80 
1 . 5 5  0 . 82 
3 . 56 2 . 28 
1 .  7 9  1 . 2 6  
1 .  67 3 .  1 7  
0 . 50 0 . 40 
4 1 8 .  365 . 
32 . 9 .  
7 . 40 1 . 43 
1 .  7 1  0 . 92 
6 . 23 1 . 35  
1 . 1 8  0 . 9 1 
ZON E 6 
2 . 97 
1 . 00 
0 .  1 9 1 
0 . 047 
9 . 2  
2 . 6  
1 2 . 6  
2 . 9  
1 . 33 
1 .  79 
958 . 
38 . 
4 . 63 
2 . 50 
3 . 93 
2 .  1 4  
Stat i on 
Outer 
Harbour 






TABLE 1 7  
T-TESTS OF THE EQUALITY OF MEANS OF DAI LY DATA COL LECTED UNDER 
WET AND DRY CONDI TIONS IN TORONTO HARBOUR 
Vari ab l e  1 977 1 978  1 97 9  1 980 1 98 1  
Ammon i a  NS NS -2 . 49"' NS -
N02+N03 2 . 23"' NS NS  NS  -
Tota l  P -2 . 09"' -2 . 99""" -2 . 64""" NS -2 . 40"' 
Cond uct i v i ty 2 . 24"' NS  -2 . 9 1 """ NS  -
Turbi d i ty -2 . 47"'  NS  -2 . 66""" -2 . 54"' NS  
Secch i  d i s c  2 . 24"' NS 2 . 48"' NS  NS  
Ch l orophyl l .9, - NS  N S  NS  NS  
Ammon i a  NS -2 . 29"'  NS  -2 . 3 1 "' -
N02+N03 NS NS NS  -3 . 1 7 """ -
Total p -4 . 03""" -3 . 54""" -2 . 35"' -2 . 7 6""" -2 . 66"' 
Condu c t i v i ty NS  NS  NS NS  -
Turb i d i ty -3 . 89""" - -4 . 44""" -2 . 48"' NS  
Secch i  d i s c  3 . 47""" NS  NS  2 .  99""" NS  
Ch l orophy l l .9, - NS  NS  N S  NS  
Ammon i a  NS  NS NS  NS  -
N0 2+N0 3 3 . 47""" NS  NS  NS  -
Total  p NS  NS  NS  NS  -2 . 73 "'  
Condu c t i v i ty 3 . 27""" NS  NS  NS  -
Turbi d i ty NS  NS NS  NS  NS  
Secch i  d i s c  NS  NS  NS NS  NS  
Ch l orophyl l _g, - NS NS  N S  NS  
Comb i ned  
1 977-81  
-3 . 49""" 
NS  
-5 . 65""" 
NS  
-4 . 1 2""" 
3 . 58""" 
-2 . 47"'  
-3 . 66""" 
NS  
-7 . 75""" 
NS  
-6 . 75""" 




-2 . 28"' 
NS  
-2 . 44"' 
NS 
NS  
N egati v e  "t"  va l u e  i nd i cates  wet  mean > dry mean  ( expected  r e s u l t  for a l l 
parameters  e x c ept s ec c h i  d i s c ) . 
"' s i gn i fi cant  at p <0 . 05 
"' "' s i gn i fi cant  at p <0 . 0 1 
NS = not s i gn i fi cant . 
Sou rc e :  Reference  ( 62 ) . 
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FIGURE 37. SPATIAL VARIATIONS OF TURBIDil:Y IN TORONTO HARBOUR UNDER RUNOFF 
CONDITIONS, NOVEMBER 8-9, 1 977. 
Source: Reference- (62). 
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Humb e r  Bay ,  therefore , i s  a l ready somewhat degrad e d , yet i s  s u bj ect  to 
furthe r  n u tr i ent  l oad i ng  from sources  w i th i n the bay , i nc l ud i ng  the 
Humber R i v er ,  the  Humber STP and  Mi mi co Creek . Contr i but i on s  of  tota l P 
from t h e  H umber STP tota l l ed approx i mate l y  220 t / a  i n  1 98 1  and  1 40 t / a  i n  
1 983 , wh i l e  total P i nput  from the  Humber R i v er averaged 32 t / a  dur i ng  
1 98 1  a n d  1 982 . No i nformati on regard i ng n i trogen i nput from the  STP  was 
avai l ab l e but  i t  was noted that the  total Kj e l d a h l  n i trogen concentrat i on 
at  a s tati on l ocated d i rect l y  above the  STP outfa l l averaged 5 , 740 �g/ L  
i n  1 98 3 . U s i ng th i s va l u e  a s  the  av erage d i s c harge con c e ntrat i on wou l d 
repres en t  an annua l  l oad  of approx i mate l y  765  t / a , s u b s tant i a l l y  more 
than the approx i mate 1 60 t / a  tota l Kj e l dah l n i trogen contri buted  by the 
H umber R i ver  ( 220) . 
Ac cord i ng to Hart ( 7 1 ) and  Hamb l i n  and  Rodgers  ( 72 ) , the  prevai l i ng 
c i rcu l at i on pattern i n  the  bay i s  toward s the  s hore . As  i nd i c ated i n  
F i g .  38 , there i s  a con s i d erab l e c urrent trend toward s the  mou th of the  
H umber R i v e r  and  eas tern port i ons  of the  bay , wh i l� we s ter l y  l ongs hore 
dr i ft i s  more preva l ent  i n  the western  reg i ons  of the  bas i n  ( 7 1 ) .  
Furthermore , Ontari o MOE s tud i e s  i n  1 983 and  1 984 demon s trated Humber Bay 
to b e  a reg i on of turbu l ent  mi x i ng marked by frequent  l oca l i zed  upwe l l i ng 
event s . The  net  re s u l t of thes e  c urrents i s  to tran s port offs hore waters 
i nto the bay wh i c h , wh en  coup l ed wi th turbu l ent  mi x i ng proce s s e s , 
produ c e s  favourab l e  water qua l i ty at offshore s tat i on s  w i th sound i ngs  
greater than  6 m .  For th i s �eason , water qua l i ty throughout mos t  of  the  
bay i s  s uper i or  to  that of Toronto Harbour ( Tab l e 1 8 ) .  Thes e  s ame 
factors ,  however , s erve to confi n e  d i s c harges  from the H umber STP and  the  
Humb e r  R i v er c l o s e  to s hore , and  are l i ke l y  respon s i b l e for dr i ft beh i nd  
the  breakwa l l at Sun nys i d e Beach ( 7 1 ) .  Landfi l l  exten s i on of the  
s horel i n e to the  wes t  of the  Humber R i ver  mouth aggravates  th i s prob l em ,  
a s  i t  res tri c t s  wes ter l y  tran s port , thus  s e rv i ng to confi n e  th i s h i gh l y  
eutroph i c  water ( total  P averaged 7 2  �g/ L  i n  1 983 and  tota l Kj e l dah l  
n i trogen averaged 862  �g/ L ;  CTI = 41  i n  spr i ng  to 1 7  i n  fa l l )  w i th i n 
the  e a s tern embaymen t  of  the  l an d fi l l  s i te .  
Hami l ton Harbour 
H ami l ton Harbour i s  l ocated at the  we s tern t i p of Lake Ontari o ,  w i th 
i ts o n l y  connect i on to the l ake be i ng  the Burl i ngton Sh i p  Cana l , a 
pas sage  840 m l ong , 85  m w i d e  and  dredged to 9 . 2  m .  Pri n c i pa l  
tri butari e s  to  the  harbour are  Gri n d s tone  and  Red h i l l  Creeks and  Spen cer  
Creek v i a Coates  Parad i s e  wi th respect i v e  f l ows of 0 . 95 ,  0 . 75 and  
1 . 83  m a t s  averaged over 1 98 1 -82 , for a total  annua l  runoff of 1 . 1 1  x 
l OB ma . Three STPs d i s c harge to the  harbour : the  H ami l ton STP 
( 3 . 06 m3 / s ) , the Bur l i ngton STP (0 . 85 m3 / s )  and the Du ndas  STP 
( 0 . 1 0 m3 / s )  v i a Coate s  Parad i s e  ( 1 98 1  data) ( 7 3 ) , for a tota l  annua l  
d i s c harge of 1 . 2 6  x l OB ma . 
Theoret i c a l  re s i dence  t i me of the  harbour , computed a s  vol ume d i v i ded  
by annual  d i s charge from tri butari e s  and  STPs , i s  1 . 1 5  years . I nc l u s i on 
of add i t i onal  sourc e s  ( e . g .  s torm s ewers , s treams ) red u c e s  th i s t i me to 
0 . 9  years ( 74) . The actua l  res i d ence  t i me of Hami l ton Harbou r has  been  
d etermi ned  to  range  from 0 . 25 years , or 90  d ays ( 60) , to  0 . 36 years or 
1 3 1 d ays  ( 74) . Th i s red uct i on i s  due to s i gn i fi cant  l ake-harbour 











RESULTANT CURRENTS IN HUMBER BAY, 1 984. 
Source: Reference (71 ) . .  
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TABLE 1 8  
HUMBER BAY WATER QUALITY DATA , 1 983 
VARIABLE SPRING 
Total  Kj e l dah l  N i trogen 323 . 3  ± 1 52 . 4 
Tot a 1 Phosphoru s 2 1 . 2  ± 1 6 . 2  
Sol u b l e Reac t i ve  Phos phoru s 4 . 3  ± 3 . 7  
Turbi d i ty ( FTU ) 6 . 32 ± 1 0 . 67 
S u spended Sol i d s ( mg / L )  5 . 34 ± 6 . 92 
Sec c h i  Di s c ( m) 2 . 1 0 ± 1 . 1 3  
Conduct i v i ty( llS )  n o  d ata 
Temperature ( ° C )  5 . 1 5  ± 0 . 85 
Ch 1 orophyl l � ( un corr . ) 4 . 06 ± 0 . 52 
Ch l orophyl l � ( corr . )  3 . 41  ± 0 . 64 
U n i ts  i n  1-19 / L  ex cept where spec i fi ed .  
Adapted from Referen c e  ( 7 1 ) .  
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FALL 
285 . 7  ± 1 49 . 2  
25 . 3  ± 39 . 5  
5 . 5  ± 8 . 7  
1 .  7 1  ± 1 .  66  
2 . 03 ± 2 . 69 
3 . 64 ± 0 . 95 
359 ± 7 
1 3 . 30 ± 1 . 04 
2 . 1 7  ± 0 . 60 
0 . 43 ± 0 . 42 
ANNUAL 
304 . 2  ± 1 42 . 4 
1 9 . 8  ± 
2 . 5  ± 
3 . 95 ± 
3 . 24 ± 
3 . 1 6  ± 
358 ± 
1 2 . 89 ± 
3 . 02 ± 
1 .  60 ± 
. 
.. .,.� 
. . . 
�: 
1 4 . 3  
2 . 4 
5 . 73 
3 . 83 
0 . 85 
6 
1 . 1 6  
0 . 40 
0 . 29 
Dur'1:ng. u n s trat i fi ed cond i ti on s  i n  th e cana l  (October to May) , 
exc hang�1 s o s c i l l atory , re l ated to d i fferences  i n  water l ev e l  b etween  
Lake Ontari o and  Hami l ton Harbou r ,  and f l ow i s  con s tant throughout the  
vert i c a l  ( i . e . barotrop i c  fl ow) � When the  cana l  i s  s trati fi ed ( J une  to 
September ) ,  two- l ayer ( baroc l i n i c ) fl ow occurs , wi th s u rfac e  water  
fl owi ng out of the  harbou r and bottom water f l owi ng i n .  Max i mum exchange  
fl ows were  noted  i n  the wi nter i n  as soc i ati on wi th i n creased  c u rrent 
speed s , hence rarbour retenti on ti me i s  s horter i n  the  wi nter  than the 
s umme r .  
T h e  domi nan ce  o f  thi s exc hange o n  harbou r hydrau l i c s i s  s i g n i fi cant 
i n  ame l i orati ng water qua l i ty cond i ti on s  that wou l d  otherwi s e  re s u l t from 
the s u b s tant i a l  l oadi ngs  contri buted to the  harbour . For examp l e ,  the  
e st i mated an nua l  tota l P l oad i n  1 982 was  approx i mate l y  1 80 t ,  of  wh i ch 
84% was contri buted by the  Hami l ton and Bur l i ngton STPs . Load i fi g s  of 
NH 3 tota l l ed 4 , 050 t / a ,  72% of wh i c h  was mun i c i pa l  i n  sourc e ,  wi th 
22% from i nd u s tri a l  i nput  and 6% from tr i butari e s  and runoff ( 60 ) . I f  
expre s s ed on an areal  bas i s ,  total P l oad was 8 . 2  g/m2 • a ,  far i n  
exc e s s  of that nec e s s ary to produce  h i gh l y  eutroph i c  cond i t i on s  ( s ee  F i g .  
2 ) , an·d an order of m·agni  tude  greater than that experi enced by Lake 
Ontari o at the he i ght  of i ts l oad i ngs  i n  the ear l y  1 970s ( 1 1 ) .  Stud i e s  
conducted from May 1 97 9  t o  Apr i l 1 980 , however , demon s trated that 34% of 
the total  P l oad to the harbour was exported to the l ake . Desp i te th i s 
export , though , water qua l i ty wi thi n the  harbour rema i ned  i nd i cat i v e  of 
eutroph i c  cond i t i on s  ( Tab l e 1 9 ) ,  wi th a CTI of 1 9 . 9  and  22 . 1  for 1 980 and 
1 983 , respect i v e l y ,  more than twi ce  that d i s p l ayed by Toronto I n ner  
Harbour .  Cond i t i on s  such  as  these  re s u l ted i n  mean s ummer c h l orophy l l 
averag i ng 24 pg / L  ( 1 979  data ) . That s ummer a l gal  b i oma s s  l ev e l s were 
not even h i gher  was attri butab l e to the fact  that pri mary prod u c t i on i n  
the harbou r was l i mi ted by a s ha l l ow ( 2-4 m) euphot i c zon e and a d eeper 
(7 m) , but h i gh l y  vari ab l e mi x i ng depth ( 60) . 
I f  the harbour retent i on i s  re l ati v e l y  con s tant from year to year , 
then tota l P export l oad to Lake Ontari o i n  1 982 wou l d  have been  60 t / a , 
con s i derab l y  l e s s  than contri but i on s from Toronto Harbour or Humber Bay . 
Neverthe l e s s , u nd-e r appropri ate cond i t i ons  o"f exchange and c i r:c u l at i on ,  
extreme l y  e l evated total P l ev e l s Qf u p  to 32 . 3  pg / L  have been detected  
at an open  l ake s tati on l ocated 3 . 7  km �ast  of the Bur l i ngton Cana l . 
Th i s s uggests  that outfl ow from Hami l ton Harbour has  a d i s t i nct  i mpact  on 
adj acent  waters  i n  Lake Ontari o .  Th i s conc l u s i on i s  s upported by the  
re s u l t s  of Ontari o MOE ' s  spri ng nears hore s tudy i n  1 979  ( s ee  F i g s . 30 
to 33) . 
Roc h e s ter  Harbor 
Roc h e s ter  Harbor and the adj acent nears hore waters from Long Pond  
( 8 . 5  km we s t  of harbou r)  to  Port Bay ( 62 km east  of harbour)  were the  
s ubj ect  of an i nten s i ve i nv e s t i gati on by U . S .  EPA dur i ng 1 98 1  ( 63 ) . The  
obj ect i v e s  were to : 
1 .  Determi ne the  s tatu s of the  harbour and nears hore waters  
i n 1 98 1 . 
2 .  Prov i d e  a data set  wh i c h wou l d  characteri ze the  water 
c h emi s try of these  envi ronment s .  




Ammon i a  
Total Kj e l dah l 
N i trogen 
N i tri te 
N i trate 
Total Phos phorus 
Sol ub l e React i ve 
Phosphoru s 
Conduct i v i ty ( �S )  
pH 
Turb i d i ty ( FTU) 
Suspended So l i d s 
t ' . ��<· . 
· (• 'Ch 1 orophyl l 
(lJg / L )  
- N o  data 
� 
Upper n umber - mean 
TABLE 1 9  
ANNUAL MEAN CONCENTRATIONS  OF WATER  QUALTIY VARIABLES 
IN  HAMI LTON HARBOUR 
1 97 5  1 976  1 977 1 978 1 97 9  
1 . 26  1 . 43 1 .  95 - 1 . 2 6  
0 . 056  0 . 059  0 . 1 1 6  - 0 . 06 3  
2 . 25 2 . 07 2 . 65 - 2 . 26 
0 . 064 0 . 058 0 . 1 1 7 0 . 083  
0 . 2 1  0 . 1 6  0 . 1 4  - 0 . 1 9  
0 . 01 4  0 . 005 0 . 005 0 . 005 
1 .  74 1 . 64 1 . 62 - 2 . 09 
0 . 037  0 . 027 0 . 038 0 . 02 3  
0 . 076  0 . 057 0 . 064 0 . 080 0 . 1 04 
0 . 0020 0 . 00 1 2 0 . 00 1 7 0 . 00 1 9 0 . 0028 
0 . 01 4  0 . 01 3  0 . 01 8  0 . 027 0 . 043 
0 . 0008 0 . 0005 0 . 0009 0 . 0009 0 . 00 1 9 
493 . 52 1 . 5 1 5 .  499 . 532 . 
2 . 7  3 . 5  4 . 7  4 . 6  4 . 3  
7 . 84 7 . 94 7 . 87 7 . 96 7 . 88 
0 . 02 5  0 . 0 1 8  0 . 02 5  0 . 022  0 . 01 8  
2 . 1 9  3 . 34 3 . 03 3 . 08 2 . 86 
0 . 06 1  0 . 1 27 0 . 070 0 . 093  0 . 095  
- 5 . 76 5 . 72 5 . 80 5 . 33 
0 . 1 40 0 . 1 60 0 . 276  0 . 1 90 
1 6 . 7  1 7 .  1 - 1 3 . 6  1 8 . 2  
0 . 65 0 . 57 0 . 50 0 . 90 
1 980 
1 . 2 1  
0 . 1 23 
2 . 04 
0 . 1 42 
0 . 23 
0 . 02 9  
2 . 1 8  
0 . 060 
0 . 08 1  
0 . 0032 
0 . 03 1  
0 . 0027 
522 . 
7 . 6  
7 . 83 
0 . 039 
2 . 65 
0 . 233  
4 . 68 
0 . 326  
1 3 . 6  
1 . 1 0  
A l l u n i ts  mg / L  un l es s  otherwi s e  spec i fi ed .  
Lower number - standard dev i at i on 
1 983 
1 . 1 3  
0 . 068 
1 .  76  
0 . 05 1  
0 . 1 7  
0 . 020 
1 . 4 1  
0 . 05 1  
0 . 056  
0 . 0025 
0 . 01 4  
0 . 0008 
424 . 




1 4 . 5  
0 . 65 
Four s ur�eys were carri ed out (Apri l 29-May 4 ,  J u l y  2 1 -30 , August  1 8-26 , 
September 23-0ctober 1 )  for an exten s i v e s eri e s  of conv enti ona l  water 
qual i ty vari ab l es , i n c l ud i ng nu tri ents and maj or i on s . Samp l i ng s i tes 
spanned a l ongshore reach . of 70 km wi th stati ons up to 1 5  km offshore . 
S i mi l ar to the Toronto and Hami l ton Harbour stud i es , data were fi rst  
parti ti oned i nto areas of  d i st i nct water qual i ty .  I n  thi s parti c u l ar s tudy ,  
c l u s ter ana l ys i s (Ward • s  h i erarc h i ca l  c l u s teri ng method ) was app l i ed to 
conducti v i ty data and the number of c l u s ters was determi ned u s i ng the Cub i c 
Cl u s teri ng Cri teri a of 2 . 75 ( s ee Reference ( 75 )  for exp l anati on ) . Based on 
these  cri teri a ,  s tati on s i n  the Rochester s tudy were d i v i ded i nto three 
zones : the source area , the mi x i ng and nears hore area , and the l ake area 
( F i g .  39 ) . The Genesee  Ri ver and Irondequoi t Bay ( l ocated approx i mate l y  6 
km east of the ri ver)  compri s ed the source area and were charac teri zed as 
hav i ng e l evated l ev e l s of nutri ents and maj or i on s , parti c u l ar ly  for sol ub l e 
reacti ve  s i l i ca and NH 3 ; l eve l s were up to 9 and 3 1  t i mes h i gher , 
respecti v e l y ,  i n  the source area than the l ake area ( Tab l e 20) . 
I t  was apparent from these zon es that , on average , the i nfl uence  of the 
Genesee  Ri ver was confi ned to wi thi n 2 to 3 km of s hore . Furthermore , 
a l though i t  was d i ffi c u l t to d i fferenti ate among i nputs from the numerous 
creeks and bays d i s charg i ng to thi s regi on , i t  appeared that the gen era l 
tendency was for the Genesee  Ri ver p l ume to trav e l  eas t ,  i n  ac cordance wi th 
the eas ter l y  l ongshore tran sport i nd i cated by S i mons and Schertzer ( 2 7 ) . 
The resu l t i ng nearshore-offshore grad i ent wou l d  have been accentuated by the 
presence  of the thermal bar between the mi d d l e and offshore stati on 
trans ects duri ng the spri ng (Apri l 29-May 4) s urvey ( 63 ) . 
Duri ng the fi rst  three surveys , d i s charge from the Gen esee  Ri ver entered 
the l ake pri mari l y  as a s urface p l ume , as evi dent when compari ng s urface or 
epi l i mn i on l ev e l s to who l e water col umn l eve l s .  On l y  duri ng the fourth 
s urvey ,  wh en who l e water col umn l eve l s exc eeded s urface l eve l s i n  the source 
and the mi x i ng and nears hore areas , d i d the p l ume s how ev i dence  of 
p l ungi ng . In contras t  to the prev i ou s  three s urveys when ri ver temperatu res 
exceeded l ake temperatures , thus creati ng a buoyant p l ume , no s ub stanti a l  
d i fference  i n  temperature between the source and  l ake areas was noted duri ng 
the fourth s urvey . At thi s t i me ,  the i n creased sa l i n i ty of the ri ver p l ume 
( 1 98 1  average c h l ori de  concentrati on = 65 . 4  mg/ L) ( 259)  caused  i t  to 
p l unge . Den s i ty d i fferences  between the ri ver p l ume and the l ake duri ng 
1 98 1 , neverthe l e s s , were i n s uffi c i ent to prec l ude some mi x i ng i n  the harbour 
area . Thi s was ev i dent wh en compari ng concentrati on s  of water qual i ty 
vari ab l es at a s tati on several ki l ometres upstream and those  i n  the s urface 
waters of the source area . 
CTI val ue s  for the sou rce area ranged from 1 1 . 0 duri ng the Augu s t  survey 
to 37 . 7  duri ng the spri ng s urvey , i nd i cati ng that thi s area was eutroph i c .  
No d i rect measurements of d i s charge from Irondequoi t Bay to Lgke On tari o 
were avai l ab l e but I rondequoi t Creek,  the pri nc i pal tri butary to the bay ; 
had a mean annual  fl ow of 2 . 7 m3 / s  i n  1 98 1  and 1 982 , compared wi th 95 
m3 / s  for the Genesee Ri ver . Obv i ou s l y  then , i n  terms of i mpact on the 
nears hore waters . i nputs from the Genesee Ri ver were of greater s i gn i fi cance 
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ZONATION OF THE ROCHESTER EMBAYMENT AND NEARSHORE AREAS BASED 
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TABLE 20 
MEAN AND STANDARD DEVIAT ION OF HATER QUALITY VARIABLES ( at 1 m) 
I N  ROCHESTER EMBAYMENT AREA , 1 981 
T EMPERATURE TOTAL 
DATE AREA < ·o PHOSPHORUS 
Apri l 29 - Sou rce 1 1 . 8±0 . 8( 3 )  46 . 9±1 4 . 2 ( 2 )  
Hay 4 
Mi x i ng and 8 . 2±0 . 4 ( 20 )  1 8 . 1 ±1 . 6( 20) 
Nears hore 
Lake 4 . 4±0 . 3 ( 1 9 ) 1 4  . 3±0 . 7( 1 9 )  
J u l y  2 1 -30 Source 21 . 6±0 . 4 ( 7 )  3 1 . 1 ±5 . 6 ( 7 )  
Mi x i ng and 20 . 6±0 . 3( 68 )  22 . 1 ± 1 . 6 ( 67 )  
Nears hore 
Lake 20 . 9±0 . 2 ( 53 )  25 . 1 ±9 . 2 ( 53)  
Augu s t  1 8-26 Source 2 1 . 1 ±0 . 4( 5 )  60 . 4±1 2 . 3 ( 5) 
Hi x i  ng and 2 1 . 2±0 . 1 ( 6 2 )  1 9 . 0±1 . 0( 50) 
Nears hore 
Lake 2 1 . 1 ±0 .  1 ( 54 )  26 . 6±5 . 7 (46) 
September 30 Sou rce 1 4 . 1 ±0 . 5( 6 )  57 . 4±1 9 . 3 ( 6 ) 
-October 1 
Mi x i ng and 1 4 .  7±0 . 1 ( 6 6 )  27 . 3±8 . 1 ( 6 7 )  
Nears hore 
Lake 1 4 .  7±0 . 1 ( 53 )  20 . 1 ± 1 . 4( 52 )  
Uni t s  a r e  �g / L  except where otherwi s e  spec i fi ed .  
Sour-ce : Reference ( 63) . 
SOLUBLE SOLUBLE 
OTAL F I L T .  REACT IVE REACT IVE N I TRATE + TOTAL 
PHOSPHORUS PHOSPHORUS S I Ll VA N I TRITE AMMON IA 
9 . 5±3 . 8( 3 )  4 . 7±3 . 6 ( 3 )  1 700( 1 )  390±60 ( 3 )  1 4 1 ± 1 2 8 ( 3 )  
6 . 4±0 . 2 ( 20) 1 . 6±0 . 2 ( 1 8 )  54±1 7 ( 1 5 )  280±1 0(20 )  26 . 7±7 . 9( 1 8 ) 
7 . ]±0 . 3( 1 8 ) 3 .  8±0 . 4 ( 1 7 )  1 29±1 2 ( 1 3 )  3 1 0±40( 1 9 ) 4 . 7±0 . 6 ( 1 8 )  
8 . 8±2 . 2 ( 7 )  5 .  9±4 . 1 ( 7 )  2 1 4±104 ( 6 )  1 70±50( 7 )  28 . 2±1 2 . 6( 6 )  
8 . 2±0 . 9( 67 )  2 . 5±0 . 3 ( 60) 96±1 0(59)  1 00±1 0(62)  25 . 5±2 . 7 ( 63 )  
5 .  6±0 . 2 ( 5 1 ) 2 . 0±0 . 3( 44) 49±7 ( 5 1 ) 70±1 0(52)  1 5 . 9±1 . 4( 5 1 ) 
1 4 . 0±3 . 2 ( 3 )  4 . 0±1 1 . 8 ( 3 )  528±255 ( 5 )  2 1 0±90 ( 5 )  1 0 . 8±8 . 0 ( 3 )  
8 . 8±0 . 8( 43 )  2 . 4±0 . 5 ( 47 )  92±65 ( 60 )  90± 1 0( 56)  1 4 . 1 ±1 . 6( 39 )  
1 0 . 5±2 . 6 ( 40 )  1 . 5±0 . 2 (45) 62±3 ( 52 )  80±3 ( 51 ) 1 2 . 8±1 . 5 ( 40 )  
1 6 .  7±4 . 8 ( 6 ), 3 . 0±4 . 8 ( 5 )  267t1 8 5 ( 5 )  450±1 20 ( 5 )  97 . 6±40 . 7 ( 5 )  
8 . 8±1 . 1 ( 6 6 )  4 . 1 ±0 . 6 ( 60) 1 60±2 1 ( 60) 1 50±1 0( 63 )  1 4 . 4±2 . 6 ( 6 2 )  
8 . 3±0 . 9( 5 2 )  3 . 3±0 . 3 ( 50) 97±3 ( 5 1 ) 1 50±4 ( 5 1 ) 1 5 . 6±4 . 0( 5 2 )  
TOTAL 
CHLORICE · �:":' .fSECCHI 
CHLOROPHYLL .a. (mg/LJ DISC(m) 
5 . 1 ±2 . 3 ( 2 )  35 . 2±4 . 2 ( 2 )  0 . 3( 1 )  
4 . 7±0 . 1 ( 1 6)  22 . 9±0 . 4 ( 1 8) 3 . 2±0 . 3( 1 8 ) 
3 . 1 ±0 . 3 ( 1 8 ) 25 . 1 ±0 . 3 ( 1 9 ) 6 . 2±0 . 4( 1 9 )  
5 . 7±0 . 5 ( 5 )  29 . 6±1 . 9( 7 )  1 . 6±0 . 2 ( 6 )  
5 . 0±0 . 8 ( 4 1 ) 26 . 3±0 . 4 ( 63)  2 . 4±0 . 1 ( 6 1 ) 
2 . 9±0 . 2 ( 35 )  25 . 8±0 . 1 ( 50) 2 . 9±0 . 1 ( 53 )  
1 2 . 7±1 . 7 ( 5 )  38 . 1 ( 1 )  1 . 1 ±0 . 2 ( 5 )  
5 . 3±0 . 3 ( 57 )  23 . 9±0 . 3 ( 1 9 ) 2 . 7±0 . 1 (  62 ) 
5 . 4±1 . 1 ( 50 )  24. 1 ±0 . 4( 1 8 )  3 . 2±0 . 1 ( 5 7 )  
6 . 1 ±2 .  1 ( 4 )  43 . 1 ±8 . 3 ( 6 )  1 . 2±0 . 2 ( 6 )  
5 . 1 ±0 . 2 ( 59 ) . 26 . 2±0 . 9(61 ) 3 . 0±0 . 1 ( 63 )  
4 . 6±0 . 2 ( 52 )  24 . 9±0 . 1 (42)  4 . 5±0 . 1 ( 54 )  
A l so  d i s chargi ng  d i rec t l y  to the  nears hore waters i n  the  s tudy area i s  
the  Roc h e s ter  F .  Van Lare STP . Av erage .f l ow i n  1 98 1  was 3 . 9  m3 / s  for an 
annual  tota l P l oad of  1 1 0 t/a . I n  contra s t  to Ontar i o STP d i s c harges  to 
zone 4 where outfal l s  are l ocated l e s s  than 1 km offs hore , the  outfa l l for 
the  Roc h e s ter  p l ant  l s  approx i mate l y  3 km offs hore . Load i ng s  from the  STP , 
therefore , wou l d  be  l es s  l i ke l y  to have i mpact on s urface  waters  i n  zone 2 .  
I n  add i t i on  to the  source  area i den t i fi ed by Rockwe l l and Pal mer ( 63 ) , 
Sod u s  Bay was detec ted by the  open l ake s urvei l l an c e  program as  a further 
source  i mpact i ng  the  n ears hore reg i on .  Waters  offs hore of th i s area 
demon s trated , on occas i on ,  e l evated l ev e l s of tota l P ,  NH 3 and  organ i c 
n i trogen a s  we l l a� red u c ed l ev e l s of N03 + N02 , so l u b l e reac t i v e  
s i l i ca and conduct i v i ty .  
D i l ut i on of i nput s  occurred rap i d l y  between  the  source  area and the  
mi x i ng and  n ears hore area , wi th u s ua l l y  on l y  mi nor changes  i n  l ev �l s ev i dent 
b etween  the  l atter area and the  l ake area . Th i s was  due  to the  s trong 
eas tward c u rrent ev i dent  a l ong the south s hore , parti c u l ar l y  dur i ng  the  
spr i ng  s u rv ey .  Duri ng  th i s peri od , the  l on g s hore c u rrent was  confi n ed 
pr i mari l y  to wi th i n  a few ki l ometres  of the  south  s hore and , i n  fac t ,  
appeared to f l ow b etween  the  source area and the  l ake area . The mag n i tude 
of t h i s i nf l u x  was s u c h  that l ev e l s of many water qua l i ty vari ab l e s were 
l es s  i n  the mi x i ng and n ears hore area than the l ake area . Ov eral l ,  water 
qua l i ty i n  the mi x i ng and n ears hore area , wi th CTi s rang i ng from 7 . 0  to 7 . 6  
dur i ng J u l y  to September , was on l y  s l i gh t l y  i nfer i or to that of the  l ake 
area , whi c h  e x h i b i ted CTi s of 5 . 2  to 7 . 2  over the s ame peri od . The pres en c e  
of t h e  thermal b a r  between the  mi x i ng a n d  nearshore area a n d  t h e  l ake area 
dur i ng the spr i ng  ( Apri l 29-May 4)  s u rv ey on l y  s erv ed to empha s i ze these  
n ears hore-offs hore grad i ents  ( 63 ) . 
O swego Harbor 
Oswego H arbor was a l so  s urveyed fou r  t i me s  i n  1 98 1  by U . S .  EPA :  
Apri l 27-28 , J u l y  30-Augu s t  1 ,  Augu s t  27-29 and October 2-5 ( 63 ) . The s tudy 
area was restr i c ted to wi th i n 2 km of the mouth of the Oswego R i ver  wi th 
s tat i on s  l oc ated a s  i n  F i g .  40 . C l u s ter  ana l ys i s app l i ed to the 
conduc t i v i ty data produced the  fou r  areas s hown : the  source  area , i n ner 
harbour mi x i ng area , outer harbou r mi x i ng area and l ake area . 
Nutr i ent  concentrat i on s  were h i gher i n  the  Gen e s e e  R i ver than the  Oswego 
R i v e r  ( Tab l e 2 1 ) .  Due to redu ced d i l u t i on ,  howev e r ,  total P ,  NH 3 , 
so l u b l e reac t i v e  s i l i ca ,  and N03 + N02 con centrati ons  were often 
h i gher  i n  the  Oswego source area ( i . e .  mouth of the Oswego Ri ver )  than i n  
the  Roch e s te r  source  area , res u l t i ng i n  the  former bei ng  more eu troph i c  
( CTi s ranged from 2 1 . 0  to 2 8 . 9  for the fou r  s u rv eys ) .  H i gh c h l ori de  l ev e l s 
were a l so  found  i n  the  Oswego source  area throughout the  s tudy peri od ; the 
h i ghest  s u rvey mean was 2 1 8 . 6  mg/ L  i n  the  s u rfac e  waters . Wh i l e  Rockwe l l 
and Pa l mer ( 63 )  s p e c u l ated that these  e l evated l ev e l s were the  re s u l t of 
s eepage from a road s a l t s torage fac i l i ty l ocated n ear the r i ver  mouth , they 
were actua l l y  due  to l oadi ngs  to the  Oswego R i ver  from Onondaga Lake wh ere , 
d u e  pr i n c i pa l l y  to d i s charge from a c h l ora l ka l i p l an t ,  mean epi l i mnet i c 
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DATE AREA 
Apr i l 27-28 Sou rce 
I nner harbor 
mi x i ng 
Outer harbor 
mi x i ng 
Lake 
J u l y 30 ..... Sou rce 
August  1 
I n ner harbor 
mi x i ng 
Outer harbor 
mi x i ng 
Lake 
Aug u s t  27-29 Sou rce 
I nner harbor 
mi x i ng 
Outer harbor 
mi x i ng 
Lake 
October 2-5 Source 
I nner harbor 
mi x i ng 
Outer harbor 
mi x i ng 
Lake 
TABLE 2 1  
MEAN AND STANDARD DEVIATION OF WATER QUAL I TY VARIABLES ( a t  1 m) 
I N  OSWEGO HARBOR AND NEARSHORE AREAS , 1 98 1  
TEMPERATURE TOTAL TOTAL F I LTERED SOLUBLE REACTIVE 
( " C )  PHOSPHORUS PHOSPHORUS PHOSPHORUS 
1 1 . 2 ± 0 . 2  ( 2 )  67 . 5  ± 1 1 . 5 ( 2 )  1 6 . 3  ± 3 . 9  ( 2 )  3 . 0  ( 1 )  
1 0 . 8  ± 0 . 2  ( 1 0) 55 . 6  ± 5 . 6  ( 1 0 )  1 7 . 7  ± 2 . 6  ( 1 1 )  5 . 1  ± 0 . 5  ( 7 )  
9 . 1  ± 0 . 3  ( 8 )  30 . 9  ± 5 . 1  ( 8 )  1 2 . 9  ± 2 . 4  ( 7 )  2 . 8  ± 0 . 8  ( 4 )  
9 . 2  ± 0 . 5  ( 9 )  1 7 . 9  ± 1 . 3 ( 1 0)  8 . 4  ± 0.8 ( 1 0)  1 . 0 ± 0 . 4  ( 2 )  
2 1 . 5 ± 0 . 9  ( 3 )  86 . 3  ± 4 . 6  ( 3 )  26 . 2  ± 4 . 8  ( 3 )  1 2 . 1 ± 2 . 2  ( 3 )  
20 . 8  ± 0 . 3  ( 1 5 ) 62 . 7  ± 6 . 3  ( 1 5 ) 1 7 . 5  ± 1 . 9 ( 1 5 ) 6 . 5  ± 1 . 0 ( 1 5 ) 
1 9 . 0  ± 0 . 3  ( 1 2 )  28 . 9  ± 3 . 3  ( 1 2 )  8 . 4  ± 0 . 9  ( 1 2 )  3 . 6  ± 1 . 2 ( 1 2 )  
1 8 . 8  ± 0 . 3  ( 1 6 )  1 8 . 6  ± 1 . 0 ( 1 6 ) 6 . 6  ± 0 . 4  ( 1 6 ) 2 . 6  ± 0 . 3  ( 1 5 ) 
22 . 3  ± 0 . 4  ( 3 )  86 . 3  ± 3 . 3  ( 3 )  1 9 . 3  ± 2 . 6  ( 3 )  1 1 . 5 ± 1 . 5 ( 2 )  
2 1 . 7  ± 0 . 1 ( 1 8 ) 47 . 1  ±. 3 . 6  ( 1 8 )  1 5 . 6  ± 2 . 6  ( 1 7 ) 5 . 0 ± 0 . 8  ( 1 4 )  
20 . 8  ±. 0 .  1 ( 1 2 )  23 . 1  ± 3 . 6  ( 1 1 )  8 . 1  ± 1 . 9 ( 1 1 )  2 . 7  ± 0 . 4  ( 8 )  
20 . 6  ± 0 . 1  ( 1 5 ) 1 4 . 5  ± ,0 . 9  ( 1 5 ) 6 . 3  ± 0 . 8  ( 1 5 )  4 . 3  ± 1 . 0 ( 1 1 )  
1 2 . 5  ± 0 . 3  ( 3 )  87 . 7  ± 3 . 8  ( 3 )  39 . 3  ± 1 . 2 ( 3 )  20 . 7  ± 8 . 6  ( 3 ) 
1 3 . 1  ± 0 . 2  ( 1 5 )  56 . 7  ± 4 . 4  ( 1 5) 2 5 . 8  ± 2 . 4  ( 1 5 )  1 4 . 6  ± 3 . 2  ( 1 5 )  
1 3 . 3 ± 0 . 1  ( 1 2 )  27 . 0  ± 2 . 6  ( 1 2 )  9 .  7 ± 1 . 5 ( 1 2 )  4 . 1 ± 0 . 7 ( 1 2 )  
1 3 . 5 ± 0 . 1  ( 1 1 )  1 8 . 7  ± 1 . 0 ( 1 1 )  5 . 3  ± 0 . 3  ( 1 1 )  1 . 9 ± 0 . 4  ( 1 1 )  
SOLUBLE R EACTIVE 
S I LICA 
92 ± 27 ( 2 )  
B4 ± 9 ( 9 ) 
42 ± 1 6  ( 8 )  
1 4 ± 3 ( 1 0)  
725 ± 1 45 ( 2 )  
41 3 ± 83 ( 9 )  
1 36 ± 1 6  ( 8 )  
77 ± 8 ( 1 1 )  
2 1 1 ± 33 ( 3) 
1 42 ± 1 1  ( 1 6 ) 
80 ± 2 1  ( 1 1 )  
69 ± 3 ( 1 4 ) 
540 ± 235  ( 3 )  
4 1 2  ± 54 ( 1 5 )  
238 ± 69 ( 1 2 )  
255 ± 1 04 ( 1 1 )  
1.0 
0"1 
Tab l e 2 1  - c o n t ' d .  
N I TRATE + 
DATE AREA N I TRITE 
Apri l 27-28 Source 360 ± 10 ( 2 )  
I nn e r  harbor 390 ± 60 ( 9 ) 
mi x i ng 
Ou ter harbor 300 ± 20 ( 8 )  
mi x i ng 
Lake 280 ± 30 ( 1 0 )  
J u l y  3 0  - Source 230 ± 30 ( 3 )  
August 1 
I nner ha rbor 1 70 ± 20 ( 1 4 )  
mi x i ng 
Outer ha rbor 1 1 0 ± 10 ( 1 2 ) 
mi x i ng 
Lake 1 00 ± 10 ( 1 5 ) 
Augu s t  27-29 Sou rce 1 00 ± 0 ( 3 )  
I nner harbor 90 ± 0 ( 1 8 )  
mi x i ng 
Outer harbor 80 ± 10 ( 1 2 ) 
mi x i ng 
Lake 70 ± 4 ( 1 5 ) 
October 2-5 Source 500 ± 20 ( 3 )  
I nner harbor 340 ± 30 ( 1 5 ) 
mi x i ng 
Outer harbor 1 90 ± 20 ( 1 2 )  
mi x i ng 
Lake 1 50 ± 0 ( 1 1 )  
A l l u n i t s i n  �g / L  except where i nd i cated . 
Number of samp l es i n  paren these s . 
Source : Reference  ( 63 ) . 
TOTAL 
AMMON I A  
1 86 . 0  ± 9 . 0  ( 2 )  
2 1 5 . 8  ± 49 . 5  ( 1 0 )  
93 . 4  ± 43 . 6  ( 8 )  
36 . 3  ± 23 . 8  ( 1 0 ) 
60 . 7  ± 5 . 0  ( 3 )  
2 1 . 8  ± 3 . 7  ( 1 5 ) 
1 �) . 2  ± 1 . 4 ( 1 2 )  
1 2 . 0  ± 4 . 0  ( 1 6 ) 
72 . 5  ± 7 . 5  ( 2 )  
30 . 3 ± 4 .  1 ( 1 0 )  
55 . 1  ± 4 1 . 1  ( 6 )  
9 . 8  ± 1 . 4 ( 5 )  
1 03 . 7  ± 3 . 2  ( 3 )  
1 89 . 2  ± 74 . 8  ( 1 5 ) 
20 . 8  ± 3 . 7  ( 1 2 )  
1 2 . 4  ± 2 . 0  ( 1 1 )  
TOTAL CHLORI DE SECCHI D I SC 
CHLOROPHYLL a ( mg / L )  (m) 
1 0 . 4  ± 0 . 3  ( 2 )  2 1 8 . 6  ± 2 1 . 4  ( 2 )  1 . 0 ± 0 . 5  ( 2 )  
9 . 8  ± 0 . 3  ( 8 )  1 55 . 6  ± 1 6 . 6  ( 1 1 )  1 . 4 ± 0 . 2  ( 1 0 )  
77 . 0  ± 0 . 5  ( 8 )  69 . 6  ± 1 8 . 7  ( 8 )  2 . 1  ± 0 . 2  ( 8 )  
5 . 3  ± 0 . 2  ( 1 0 )  3 1 . 6  ± 3 . 4  ( 1 0 )  2 . 2  ± 0 . 4  ( 1 0 )  
9 . 5  ± 2 . 8 ( 2 )  50 . 0  ± 0 ( 2 )  0 . 8  ± 0 . 2  ( 3 )  
9 . 8  ± 0 . 3  ( 8 )  45 . 0  ± 1 . 0 ( 1 3 ) 1 . 5 ± 0 . 1 ( 1 5 )  
9 . 6  ± 1 . 6 ( 8 )  4 1 . 8  ± 2 . 4  ( 1 1 )  2 . 3  ± 0 . 1  ( 1 2 )  
6 . 9  ± 0 . 9  ( 1 2 ) 30 . 3  ± 1 . 1  ( 1 6 )  2 . 7  ± 0 . 2  ( 1 5 ) 
2 1 . 2  ± 1 . 5 ( 3 )  200 . 0  ( 1 )  1 . 0 ± 0 ( 3 )  
1 3 . 0  ± 1 . 2 ( 1 5) 7 2 . 1  ± 1 0 . 2  ( 6 )  1 . 6 ± 0 . 1 ( 1 5) 
1 2 . 4  ± 1 . 8 ( 1 2 )  5 1 . 4  ± 5 . 5  ( 4 )  2 . 4  ± 0 . 2  ( 1 2 )  
6 .  7 ± 0 . 6  ( 1 4 )  28 . 1  ± 0 . 9  ( 5 )  3 . 4  ± 0 . 1  ( 1 5 )  
1 1 . 9 ± 0 . 1  ( 2 )  1 88 . 3  ± 24 . 1  ( 3 )  1 . 2 ± 0 . 2  ( 3 )  
9 . 0  ± 0 . 8  ( 1 0 )  1 1 1 . 4 ± 1 3 . 3  ( 1 5 )  1 . 9 ± 0 . 2  ( 1 5 ) 
7 . 1  ± 0 . 3  ( 1 0 )  46 . 4  ± 6 . 5  ( 1 2 )  3 . 3  ± 0 . 3  ( 1 2 )  
6 . 1 ± 0 . 5  ( 1 0 )  2 6 . 9  ± 0 . 6  ( 1 1 )  3 . 7 :t 0 . 2  ( 1 1 )  
Redu c ed l ev e l s of c h l or i d e  i n  the  i nner  harbour mi x i ng area re l at i ve  to 
the  r i ver  i nd i cated that some d i l ut i on  occu rred i n  th i s area , b ut  cond i t i on s  
were s t i l l  eutroph i c  throughout t h e  s tu dy per i od ( CTi s ranged from 1 4 . 6  to 
1 8 . 8 ) ( Tab l e  2 1 ) .  Res u l t s  from t h i s area a l so  d emons trated that , d u r i ng the  
Apri l and October s urv eys , the r i ver p l ume was s uffi c i ent l y  d e n s e  to f l ow 
a l ong the  bottom i n  the  outer harbour mi x i ng area . De l i n eat i on of the  f l ow 
reg i me i n  the  l ake area cou l d  not be  d i s cerned , howev er , d u e  to s tat i on 
p l acement .  I t  was ev i d ent  from the  zonat i on pattern that , d u r i ng  the  four  
s urv eys , the  Oswego R i ver  p l ume genera l l y  f l owed eas tward after  l eavi ng the  
harbou r .  Th i s concur s  wi th  Scott et a l . ( 34 )  who determi n ed that , i n  the  
n ears hore waters  adj acent  to Oswego Harbor , tran s port was d i rected 
predomi nan t l y  eas tward a l ong the  s hore and  reached i ts max i mum deve l opment  
4-8 km  from s hore . Stat i on d en s i ty i n  th i s d i rec t i on was  i n s u ffi c i ent  to 
d etermi n e  the  extent  of r i ver  i nf l uence  i n  the  l ake , a l though prev i ou s  
s tud i e s  by Be l l ( 77 )  d emons trated that 90% o f  d i l ut i on occurred w i th i n 3 km 
to the  northeast  of  the  harbou r .  
4 
B l ack R i ver  Bay 
No i nten s i ve s tu d i e s  were und ertaken of B l ack R i ver  Bay d u r i ng  the  
1 98 1 -82 i nten s i ve years , but  the  open l ake s u rv e i l l an c e  program regu l ar l y  
mon i tors three s tati ons  wi th i n the  bay a t  d i s tances  o f  6 ,  1 0 . 6  and  1 5 . 2  km 
from the  mouth of the  B l ack R i ver . No s tati ons  are l ocated i n  the  adj acent  
Chaumont , Guffi n and Henderson  Bays ; con s equen t l y ,  no i n formati on i s  
avai l ab l e regard i ng t h e s e  areas . 
The B l ack R i ver  i s  New York • s s e cond l arge s t  tr i butary to Lake Ontari o ,  
wi th a n  average annua l  ffow o f  1 24 ms / s  i n  1 98 1  and  1 982 . U n l i ke the  
Oswego and Gen e s e� R i vers , the headwaters to the  B l ack R i ver  ori g i nate i n  
the  Precambr i an Sh i e l d  and , henc e , l ev e l s of maj or i on s  i n  the  ri ver are 
comparat i ve l y  redu c ed . For examp l e ,  at the  USGS mon i tori ng  s tati on l ocated 
approx i mate l y  1 1  km ups tream of the  r i ver  mouth , fi l tered c h l or i de  av eraged 
2 . 5  mg / L  i n  1 98 1  and 1 982 , whi l e  a l ka l i n i ty averaged 27 . 8  mg / L  ( 78-80 ) . 
Leve l s of s o l u b l e react i ve  s i l i ca ,  i n  contras t ,  were marked l y  e l evated , 
averag i ng  6 , 000 �g/ L .  
Nutr i ent  l ev e l s a t  the  USGS mon i tori ng  s tati on i nd i c ated that 
con s i d erab l e �nr i c hment  of the  r i ver occurs . Total  P averaged 36 and 
48 �g/ L  i n  the  r i ver  i n  1 98 1  and 1 982 , respect i v e l y ,  w i th a max i mum 
conc entrat i on  of 1 36 �g / L  be i ng  obs erved . I n  add i t i on , l ev e l s of N03 
+ N02 averaged 372 and  343 �g/ L  i n  tho s e  two years . Cond i t i on s  i n  
B l ack R i ver  Bay refl e c t  the s e  i nputs . At the  s urvei l l an c e  s tati on l oc ated 6 
km from the  r i ver  mouth , total P ( at 1 m) averaged 33 . 5  and 29 . 8  �g/ L  i n  
1 98 1  and 1 982 , respec t i ve l y ,  wh i l e  mean s ummer c h l orophy l l was 1 4 . 6  and  1 8 . 2  
�g/ L  ( Tab l e  2 2 ) . Becau s e  of t h e s e  con d i ti on s , CTI va l u e s  up to 35 were 
obs erved d u r i ng the s ummer mon ths  ( J u n e  to September) , the h i ghest  of any 
reg i on i n  the l ake d u r i ng  t h i s peri od . Con s equen t l y ,  i t  c an be  con c l uded 
that water q u a l i ty cond i ti on s  i n  the  i nner  reac h e s  of the  bay were h i g h l y  
eutrop h i c .  By the  outer reac hes , however , mi x i ng  and  d i l ut i on of the  ri ver 
p l ume ame l i orate cond i t i on s  con s i d erab l y ,  s u c h  that CTi s were genera l l y  
i nd i cati ve of mesotroph i c cond i t i on s . 
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VARIABLE 
Temperature ( °C) 
Spec i fi c  Conductance 
(JJS )  
Chl ori de  ( fi l tered ) 
( mg / L )  
Total Phosphorus 
(J.lg / L )  
Total F i l tered 
Phosphorus (J.lg/ L)  
Sol ubl e  Reac t i ve 
Phosphor u s  (J.lg / L )  
N i trate + N i tri te 
(J.lg / L )  
Ammon i a  ( fi l tered ) 
(J.lg / L )  
Total F i l tered 
N i trogen (J.lg / L )  
Chl orophyl l g 
corrected ( J.lg / L )  
Sec chi  Di s c  
( m) 
Source :  Reference ( 2 1 4 ) . 
TABLE 22 
CRUISE  MEAN CONCENTRATIONS OF HATER QUALITY VARIABLES (at 1 m)  
I N  BLACK RIVER BAY . 1 98 1 -.82 
APR I L  8 .  1 98 1  AUGUST 1 3 .  1 98 1  
6 . 4 ± 2 . 1  7 . 5  ± 1 . 0 
. 
1 54 . 5  ± 92 . 3  252 . 3  ± 39 . 6  
8 . 6  ± 2 . 9  1 8 . 8 ± 5 . 4  
25 . 7  ± 6 . 2  2 9 . 7  ± 1 2 . 6  
8 . 8 ± 2 . 1  1 1 . 0 ± 3 . 8  
3 . 1  ± 1 . 5 3 . 6  ± 2 . 8  
5 1 7 . 3  ± 1 44 . 6  98 . 0  ± 64 . 9  
1 9 . 0  ± 1 2 . 1  1 6 . 0  ± 7 . 5  
782 . 3  ± 1 98 . 6  367 . 0  ± 86 . 2  
6 . 7  ± 4 . 2  1 5 . 5  ± 7 . 1  
No data 1 . 5 ± 0 . 7  
NOVEMBER 20 . 1 98 1  
22 . 7  ± 0 . 2  
1 93 . 0  ± 1 7 . 3  
1 1 . 5 ± 1 . 7 
1 9 . 8  ± 4 . 0  
9 . 8  ± 2 . 7  
5 . 0  ± 2 . 8  
237 . 7  ± 34 . 4  
20 . 7  ± 1 1 . 2 
440 . 0  ± 59 . 0  
4 . 8  ± 1 . 9 
2 . 0 ± 0 . 5  
D A T E 
APRI L 28 . 1 982 SEPTEMBER 1 5 .  1 982 
6 . 4  ± 2 . 5  1 9 . 3  ± 0 . 5  
1 76 . 0  ± 78 . 0  2 92 . 0  ± 3 1 . 1  
1 2 . 2 ± 8 . 1  22 . 0  ± 3 . 2  
1 8 . 3  ± 2 . 3  2 1 . 7 ± 4 . 7  
7 . 3  ± 1 . 1  7 . 9 ± 1 . 2 
1 . 9 ± 1 . 0 1 . 4 ± 0 . 5  
444 . 7  ± 75 . 1  2 7 . 5  ± 3 . 5  
I 
1 1 . 3 ± 5 . 5  1 0 . 0  ± 4 . 4  
6 1 0 . 3  ± 1 09 . 6  309 . 0  ± 44 . 5  
3 . 6  ± 1 . 9 6 . 0  ± 2 . 5  
1 . 0 ± 0 2 . 3  ± 1 . 5 
NOVEMBER 1 7 .  1 982 
7 . 5 ± 1 . 3  
278 . 0  ± 52 . 8  
20 . 6  ± 5 . 9  
24 . 0  ± 8 . 2  
1 3 . 0  ± 2 . 9  
6 . 8  ± 2 . 7  
232 . 7  ± 26 . 5  
23 . 3  ± 8 . 7  
440 . 0  ± 60 . 3  
3 . 3  ± 1 . 6 
1 . 8 ± 1 . 0 
TRENDS I N  PHOSPHORUS LOADI NGS 
E s tab l i s h i ng Phosphoru s Control  Measures  
The  i mpetus  for i mp l emen tat i on of phosphoru s contro l s i n  Lake On tari o 
was d i s cu s s ed i n  Chapter 2 .  The 1 972 Agreement  requ i red  that 11 phos phoru s 
con c entrat i ons  i n  eff l uent  from mun i c i pa l  was t e  treatmen t p l ants  d i s charg i n g  
i n  ex c e s s  o f  o n e  mi l l i on ga l l on s  p e r  day . . .  not exc eed a da i l y  average o f  
[ 1  mg / L] i nto . . .  Lake Ontari o .. . I t  further s p e c i fi ed a n n u a l  red u ct i o n s  i n  
total P l oad to Lake Ontari o for 1 97 1 -7 6  so that , by 1 97 6 ,  a target r e s i d ua l  
l oad of approx i mate l y  9 , 070 t / a  wou l d be  ach i eved . The s e  contro l s were 
d e s i gned  to attai n the spec i fi c water qua l i ty obj ec t i v e ,  as  g i v e n  i n  Ann e x  1 
of the  1 972  Agreement , to l i mi t phos phorus con c entrat i o n s  .. to the  extent  
nece s s ary to  prevent  n u i s a n c e  growth s  of a l ga e ,  weed s  and  s l i me s  that  are  or  
may become i nj ur i ous  to  any benefi c i a l water use  .. . 
I n  preparat i on for the  renewa l of the  Agreement  i n  1 97 8 , a b i nat i onal  
task group ( Ta s k  Group  I I I )  was  formed to revi ew l oa d i ng  c r i ter i a bas ed on  
c urrent  data and  to d ev e l op new l oad i ng obj ec t i v e s  based  on res u l tant water 
qua l i ty ,  wi th tota l P as the pri mary i nd i cator of i n- l ake cond i t i on s  ( 1 6 ) . 
The task group • s  efforts were hampered becau s e  phosphoru s l oad  red u c t i on s  
were far b eh i nd s ch ed u l e and were b e i ng  i mp l emented at the  ti me of the i r 
rev i ew .  Con s equent l y ,  the task group u s ed three mod e l s to eva l uate 
cau s e-effect re l ati ons h i p s  ( 1 1 , 1 2 , 1 4 ) .  Spec i fi c detai l s  regard i ng the  u s e  
o f  a n d  outputs  from t h e s e  mode l s  are avai l ab l e i n  Reference  ( 1 6 ) a n d  are not 
covered here . Based on the av erage resu l t s of a l l three mode l s ,  though , i t  
was determi ned  that an ann u a l  l oad of 7 , 000 t/a , i . e .  that n e c e s s ary to 
p l ac e  Lake Ontari o at the 1 1 l ower thre s ho l d for the  u nde s i rab l e con s equence s  
of phos phorus  enr i chment . .  , wa s equ i va l ent  to  an annua l  average tota l  P 
con centrat i on of 1 0  �g / L  i n  the  open waters . A s s umi ng  ach i ev ement  of the  
target l oad of 1 0 , 900 t / a  for Lake Eri e ,  two s trategi e s  were s uggested  to 
attai n th i s obj ec t i v e : l i mi t effl uent  con centrat i ons  of phosphoru s to 1 
mg / L  for STPs d i s charg i ng more than 1 MGD and  redu c e  phos phoru s from d i ffu s e  
sources  by 50% ; or , l i mi t eff l uent  con centrat i on s  t o  0 . 5  mg/ L  for STPs 
d i s charg i ng more than 1 MGD and redu c e  tota l P from d i ffu s e  sources  by 30%.  
E s t i mates  by PLUARG of the red u c t i ons  i n  nonpoi nt l oad n e c e s s ary to 
reach a target l oad of 7 , 000 t/a  d i ffered from those  of Task Group  I I I . By 
a s s umi ng  an STP effl uent  con centrat i on of 1 mg/ L ,  PLUARG determi ned  that a 
67% red u c ti on i n  nonpoi nt  l oad was n e c e s s ary , whi l e  a 0 . 5  mg/ L  STP l i mi t 
req u i red a 34% red u c t i on i n  nonpoi nt l oad ( 8 1 ) .  I t  was e s t i mated that 
programs to redu c e  th e s e  nonpo i n t source phosphorus  contri b u t i o n s  . to the  
l ev e l  n ec e s s a ry to reach the  7 , 000 t/a  target l oad  wou l d  cost  a mi n i mum of 
$ 1 4  mi l l i on annua l l y  i n  add i t i on to ex i s ti ng  Agreement  programs ( 8 1 ) .  
Other d i fferen c e s  have emerged i n  the l i terature regard i ng  the  control  
measures  req u i red to  attai n the phos phoru s target l oad . Chapra et a l . ( 82 )  
u s ed a compreh en s i v e Great Lakes sys tems mode l ,  i n corporati ng the  effect of 
i mprovements  i n  upstream water bod i e s  on down s tream water  qua l i ty ,  to 
eva l uate re spon s e  to control mea s u res . They con c l uded  that even  wi th the 
mos t  s tri ngent  con tro l  mea s u res  ( i . e . red u c t i on of res i d ua l  effl uent  
concen trat i on to  0 . 3  mg/ L ,  i nten s e  app l i c ati on of be st  agri c u l tural  
management prac t i c e s  s u ch as  no-ti l l ,  crop rotat i on and  buffer s tri p s , and  
con tro l of urban runoff) , the obj ect i ve  of a total  P conc entrat i on of 
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1 0  �g / L  i n  Lake Ontari o cou l d  not be attai n ed . They con c l uded that an  
obj ec t i v e  of  1 1  �g/ L  was  n e c e s s ary to  s at i s fy the  mod e l  and , even  then , 
the  mi n i mum annua l cos t  of  programs n e�e s s ary to a c h i eve  t h i s l ev e l  of  
red u c t i on i n  Lake Ontari o ( us i ng a u n i form con trol s trategy throughout th e 
Great Lakes bas i n )  was $380 mi l l i on .  
None of the  p ropo s ed s trateg i e s  for phos phoru s red u c t i on  took i nto 
account  the  con s ervat i v e  tran sport of phosphoru s from d i s tant  u p s tream poi nt  
sourc e s . Con s equ ent l y ,  a source  l ocated near the  mouth  of a r i v e r  ( but  
above the  i n s tream mon i tori n g  s tat i on ) was g i v e n  equa l  we i gh t i n g , i n  terms 
of i ts phosphorus  l oad , to one  many k i l ometres  up s tream . 
Determi nat i on of Phosphorus  Loads 
Tota l P l oadi ng  e s t i mates  to Lake Ontari o for 1 967 to 1 984 are pres ented 
i n  Tab l e 23 . I n  addi t i on , a detai l ed breakdown of l oad by maj or source  
( i . e .  mun i c i p a l , i nd u s t ri a l , atmospher i c )  i s  g i ven  for 1 977  to  1 984 
( Tab l e 24) . I t  s hou l d  be  rea l i zed that the data u s ed to der i ve  ear l i er 
e s t i mates  were not a s  exten s i ve nor l i ke l y  a s  re l i ab l e a s  more recent  data . 
Furthermore , a l though the  Water Qual i ty Board • s  Surve i l l an c e  Work Group h a s  
deri v ed a n n u a l  e s t i mate s o f  tota l  P l oad t o  t h e  Great Lake s s i n c e  1 974 , a 
reasonab l y  con s i s t ent  methodol ogy i n  determi n i ng  l oad s has  on l y  been  
pract i ced s i n c e  1 977 . To  prov i de a con s i s tent record of phosphorus  l oad i ng s  
to Lake Ontari o ,  F ra ser  ( 83 )  c a l c u l ated l oads  for 1 967  t o  1 97 6  u s i ng the  
method s adop ted by  the Surve i l l ance  Work Group .  I t  s hou l d  b e  noted that , to 
date , no attempt has  been  made  to as s e s s  the  qua l i ty of data u s ed i n  
deri v i n g  t h e s e  l oad i ng f i gures , nor are any e st i mates  of the i r a s s o c i ated 
pre c i s i on or a c c uracy avai l ab l e .  
Much  of the  a c h i eved reduct i ons  i n  tota l l oad are attri butab l e to 
dec l i ne s  i n  mu n i c i pa l  phosphorus l oads , as  i l l u s t rated i n  F i g .  4 1 , wi th  the  
l arge s t  decrease  i n  l oad occurri n g  from 1 972-75 when  phos phorus remova l  was 
i n i t i a l l y  i n trod u c ed . As  of 1 982 , mun i c i pa l  tota l P l oad s we re 50% and 2 2% 
of 1 975  and 1 972  l oads , respect i v e l y .  
Contri but i ons  from the  N i agara Ri ver  have a l so s hown marked reduct i ons . 
Ann u a l  tota l P l oad s , determi ned on the  bas i s of a da i l y  mon i tori ng  program 
at N i agara-on-the- Lake s i n ce  1 976 , are pres ented  i n  F i g .  42 . From 1 97 6  to 
1 984 , tota l P l oad from the N i agara R i v e r  exh i b i ted a marked decreas e ,  w i th 
the l a rge s t  reduc t i on s  betwee n  1 980 and 1 98 1 . Th i s  i s  i n  agreemen t  wi th  
Kuntz ( 84) , who reported tota l P con cen trat i on s  at N i agara-on-th e-Lake to  be  
dec l i n i ng s i g n i fi c an t l y  ( p <0 . 05 ) , by  0 . 9  �g/ L• a  from 1 97 6-83 ( F i g .  43 ) . 
Of part i c u l ar note i s  the max i mum l oad of 5 , 1 60 t / a  obs erved i n  1 978 . As  i s  
apparent from F i g .  42 , e l evated total  P concen trat i ons  ( an n u a l  1 978  mean = 
2 6 . 8  �g / L ) , and  not f l ow were pri mari l y  respon s i b l e for th i s i n creased  
l oad . Th i s  i s  parti c u l ar l y  e v i dent i n  J u l y ,  Augu s t  and  September 1 978 when 
mon th l y  tota l P conc e n trat i ons  of  25 . 4 ,  32 . 9  and 2 1 . 0  �g/ L ,  re spect i ve l y ,  
were obs e rv ed a t  N i agara-on-the-Lake . The fac t  that ep i l i mn e t i c tota l P 
l ev e l s i n  the  ea s tern  b a s i n  of Lake Er i e for thes e three mon ths  averaged 
on l y  1 2  �g/ L  ( 5 1 ) ,  i nd i cate s that the s e  e xce s s i v e tota l  P contri but i ons  
were due  e i ther  to  s torm-gen erat�d resu spen s i on of  bottom s ed i ments  and/or 
b l uff eros i on at the  ou t l et of Lake Er i e ( 84) , or perhaps 
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YEAR 
1 967  
1 968 
1 969  
1 970  
1 97 1  
1 972  
1 97 3  
1 974 
1 97 5  
1 97 6  
1 97 7  
1 978  
1 97 9  
1 980 
1 98 1  
1 982 
1 983  
1 984 
TABLE 23 
ESTIMATED LOAD OF TOTAL PHOSPHORUS TO LAKE ONTARIO 
C tonnes  per year )  
GROSS LOAD ST . LAWRENCE OUTFLOW 
1 1  ' 724 4 , 6 94 
� 
1 4 , 060 7 '  1 1 9  
1 5 , 036 6 , 397 
1 4 .  1 68 5 , 032 
1 3 , 732 4 , 269  
1 3 , 936 5 , 394 
1 3 , 252  4 , 538 
1 1  ' 790 5 , 274 
1 0 , 474 5 , 407 
1 2 , 695 4 , 545 
8 , 935  3 , 854 . 
9 , 547 4 , 487 
8 , 988 3 '  1 96 
8 , 57 9  3 , 50 1  
7 , 437  2 , 765 
8 , 926  3 . 1 62 
6 , 680 3 , 257 
8 , 06 1  2 , 83 3  
Source : 1 967- 1 97 6 - Refe renc e  ( 83 ) . 
1 97 7- 1 984 - S u rve i l l an c e  Work Group , Water Qual i ty Board . 
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N ET LOAD 
7 , 030 
6 , 94 1  
8 , 639 
9 '  1 36 
9 , 463 
8 , 542 
8 , 7 1 4  
6 , 5 1 6 
5 , 067 
8 . 1 50 
5 , 08 1  
5 , 060 
5 , 792 
5 , 078 
4 , 672 
5 , 764 
3 , 423 
5 , 228 
0 
TABLE 24 
BREAKDOWN OF TOTAL PHOSPHORUS LOAD TO LAKE ONTARIO 
( 1 977 TO 1 984) 1  
SOURCE 1 977 1 97 8  1 97 9  1 980 1 98 1  1 982 
( tonn e s  per year) 
Di rect I nd u s tri a l  1 24 1 1 7  1 03 62 62 89 
Di rect Mun i c i pa l  2 , 470 1 ,  9 1 3 2 , 3 1 6 2 , 060 1 , 756 1 , 58 9  
Tri butari es : 
Mon i tored 2 , 41 3 2 , 2 97 2 , 509 2 , 383 1 , 822 2 , 581  
Unmoni tored 557 674 691 676 6 1 3 737 
Atmospheri c 623 7 64 3 1 1 3 1 1 2  328 . 600 
Lake Eri e Load 2 , 748 3 ,  782'  3 , 058 3 , 087 2 , 8563 3 , 330 
TOTAL 8 , 935 9 , 547 8 , 988 8 , 579 7 , 437 8 , 92 6  
< "L  of tota l l oad)  
Di rect I nd u s tr i a l  1 . 4 1 . 2 1 . 1 0 . 7  0 . 8  0 . 6  
Di rect Mun i c i pa l  27 . 6  20 . 0  25 . 8  24 . 0  23 . 6  1 7 . 9  
Tri bu tari e s : 
Mon i tored 27 . 0  24 . 1  27 . 9  27 . 8  24 . 6  2 9 . 0  
Unmoni tored 6 . 2  7 . 1  7 . 7  7 . 9  8 . 2  8 . 3  
Atmospheri c 7 . 0 8 . 0  3 . 5  3 . 6  4 . 4  6 . 7  
Lake Eri e Load 30 . 8  39 . 6  34 . 0  36 . 0  38 ."4 37 . 5  
1 .  Comp i l ed from Great Lake s Water Qual i ty Board Annual  Reports , Appendi x B .  
2 • 1 9.7 9 e s t i rna t e • 
3 .  Lake E r i e reached target l oad of 1 1 , 000 t/a i n  1 98 1 . 
1 983 1 984 
32 40 
1 , 259 1 , 423 
1 , 6 1 2  2 , 36 1  
480 531 
1 8 1 242 
3 , 1 1 6  3 , 464 
6 , 680 8 , 061  
0 . 5  0 . 5  
1 8 . 9  1 7 . 7  
24 . 1  29 . 3  
7 . 2  6 . 6  
2 . 7 3 . 0  
46 . 6  42 . 9  
LAKE 
ONTARIO 
Uni ted States 
Canada 
Total 
REPORTED MUNICIPAL PHOSPHORUS LOADS IN THE LAKE ONTARIO BASI N  
( tonnes per year) 
1 972 LOAD 
ESTIMATE 1 975 
4 , 750 1 , 847 
5 , 1 1 0 2 , 373 































1 976 1 977 1 978 1 979 1 980 1 98 1  
1 , 8 1 5  2 , 089 1 ,  761 1 ,  788 1 , 535 1 , 1 94 
1 , 267 1 , 000 967 1 , 1 1 0 977 1 ,0 1 4  
3 , 082 3 , 089 2 ,  728 2 , 898 2 , 5 1 2  2 , 208 
1975 1980 1983 
EXPECTED 
LOAD AT 
1 982 1 983 1 mg/L 
1 , 1 66 1 , 004 779 
949 898 959 
2 , 1 1 5  1 , 902 1 , 738 
FIGURE 41 . REDUCTIONS IN MUNICIPAL PHOSPHORUS LOAD TO LAKE ONTARIO. 
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TOTAL PHOSPHORUS LOADING TO LAKE ONTARIO FROM THE NIAGARA 
RIVER. 
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FIGURE 43. TREND OF TOTAl PHOSPHORUS CONCENTRATIONS AT NIAGARA-ON-THE­
LAKE, 1 976-1 983. 
to poi nt  source  l oa d i ngs  to the  N i agara R i ver  i ts e l f .  Near-record h i gh 
water  l ev e l s throughout the  Great Lakes i n  1 985 , l ead i ng to i n creased  
d i s c harge through the  N i agara R i ver , are pri mari l y  respon s i b l e for the  27% 
i nc rea s e  i n  total  P l oad observed  between  1 984 and  1 985 , a l though annua l  
mean tota l P concentrat i on d i d i nc reas e s l i gh t l y  from 1 8 . 5  to  22 . 1  �g/ L  
over t h i s per i od . 
Ex i t  l oads  through the  St . Lawren ce  Ri v e r ,  d etermi ned  from d a i l y  
.mon i tori ng o f  tota l P at Wol fe I s l and , d i s p l ayed a decrease  s i mi l ar to 
N i agara R i v e r  and  tota l  l ake l oads  ( F i g .  44) . Howev er , total  P outfl ow from 
1 97 2-82 accounted  for on l y  30 to 52% of the  tota l  l ake l oad , i nd i c at i ng the  
rol e p l ayed by phytop l ankton uptake and s ed i mentat i on i n  remov i ng phosphoru s 
from the  l ake . Steven s and N e i l son ( 85 )  determi ned  that , of a total  l oad of 
1 1 3 , 600 t rec e i ved  by the l ake from 1 972-82 , 68 , 1 00 t ,  or 60% of the tota l  
P ,  was  reta i ned  i n  the  l ake . Man n i ng ( 86 )  determi ned  that Lake Ontari o 
s ed i ments  have a net  annua l  b i n d i ng c apac i ty of �3 , 500 t ± 50% phosphoru s ,  
i . e .  approxi mate l y  h a l f that reta i ned  i n  the  l ake over the  1 972-82 per i od .  
Th i s reten t i on i s  rough l y  equa l  to the  net  total P l oad to the  l ake i n  
recent years ( s ee  Tab l e 2 3 ) , i nd i c at i ng that deteri orat i ng water  qua l i ty i n  
the l ate 1 960s and  ear l y  1 970s was parti a l l y  attri butab l e to the  i nput  of 
l arge amounts  of weak l y  bond ed and weakl y s e d i mented phosphate ( 86 ) . 
I n  l i gh t  of the  empha s i s p l aced  on a c h i ev i ng a target l oad , the  l arge 
cos ts  i nvo l ved , and the uncertai nty regard i ng req u i red remed i a l measure s , i t  
i s  worthwh i l e  to exami ne  the  method of c a l c u l at i on and the  accuracy of 
phosphoru s l oad e s t i mates . As  wou l d  be  expected  i n  determi n i ng l oad i ngs  of 
t h i s magn i tud e , and re l yi ng on a vari ety of i nformati on from numerou s 
j u r i s d i c t i on s and agenc i e s , i n con s i stenc i e s  e x i st  i n  the  e s t i mate s . For 
i n stan c e , three i nd ependent  e s t i mates  of the 1 97 6  l oad were der i ved  by 
PLUARG , Task Group I I I  and the Survei l l ance  Work Group ( Tab l e 2 5 ) . 
D i ffe renc e s  among the  three e s t i mates are obv i ou s , the mos t  s i gn i fi cant  of 
wh i ch are for d i rect mu n i c i pa l , tota l  tri bu tary , an d ups tream l oad . A fi na l 
rev i ew of the se  e s t i mates  was und ertaken by a j oi nt  task forc e of the  Great 
Lakes  S c i ence  Adv i sory Board and the Water Qual i ty Board , produc i ng the  
11 b e s t 11 e s t i mates  for th e 1 97 6  l oad , g i ven  i n  Tab l e 25  ( 87 ) . Th e s e  best  
e s t i mates  were con s i d ered to  be  wi th i n 1 0-20% of the  actua l  1 976  l oad for 
sources  of total  P i n c l ud e d , as the  three e s t i mates  d i d not d i ffer by more 
than 1 0% ( 87 ) . 
Recent data i l l u s trate that th i s conc l u s i on i s  l i ke l y  i n correc t  and  the  
prec i s i on of th i s fi gure wi l l  be l e s s .  For examp l e ,  tr i butary l oad s , wh i c h 
averaged 35% of the  total  l ake l oad from 1 97 6  to 1 982 , were bas ed on month l y  
and , i n  some ca se s , b i month l y  s amp l e s .  Begi n n i ng i n  1 97 9 , Edd i e and  Onn 
( 88 )  exami ned  the  i nfl uence  of s amp l i ng strategy on l oad i ng e s t i mates  for 
fi v e  tri butari e s  whi c h , togeth er , accounted for 45% of the  Canad i an Lake 
Ontari o d ra i nage area . They compared the  accuracy and  prec i s i on of l oad i ng 
e s t i mates  based on month l y  samp l i ng wi th thos e c a l c u l ated from an enhanced  
mon i tori ng program . Resu l ts are s ummari zed i n  Tab l e 2 6 .  U s i ng the  enhanced  
program for c a l c u l ati on of l oad , th�  �umber R i ver  s howed the  l arge s t  gai n i n  
i ts e s t i mate , i nc reas i ng by 98% ,  but  was the  on l y  tri butary of the  l ake to 
exh i b i t a 11 natural 11 or unmod i fi ed hyd rographi c cyc l e .  Changes i n  other l oad 
e s t i mates  ranged from -30% to +35% . 
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EXIT LOADING OF TOTAL PHOSPHORUS THROUGH THE ST. LAWRENCE RIVER. 
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SOURCE 
Di rect Mun i c i pa l 
Di rect I nd u s tr i a l  
Tri butary Total  
Atmospher i c 
Load from 
Ups tream Lake 
Urban Di rect 
TOTAL 
RIVER 
Twe l ve M i l e  Creek 
Trent  R i ver  
We l l and  R i ver 
Don R i ver  
Humber R i ver 
TABLE 25  
LAKE ONTARIO 1 97 6  PHOSPHORUS LOAD 
( tonn e s )  
SURVEI LLANCE 
PLUARG TASK GROUP I I I  WORK GROUP 
2 , 047 2 . 1 -39 2 , 039  
80  84 80 
4 , 047 4 , 490 4 , 490 
488 473 473 
-
4 , 769  5 , 6 1 3  5 , 6 1 3  
324 - -
1 1  • 755 1 2 , 7 99  1 2 , 695 
TABLE 26 
EFFECT OF SAMPLING FREQUENCY 
ON RIVER TOTAL PHOSPHORUS LOAD ESTI MATES 
( kg / d )  
LOAD 
( STANDARD ERROR) AS % OF LOAD 
1 080( 29 . 6 ) n= l 4  85 1 ( 5 . 7 )  n=89 
7 68 ( 37 . 9 ) n= l 4  535 ( 4 . 3 ) n=66 
41 4 ( 20 . 2 ) n= l 4 468 ( 7 . 7 )  n= l 05 
1 90 ( 1 4 . 6 ) n= l 4  256 ( 5 . 6 ) n=6 1  
1 28 ( 24 . 9 ) n= l 4  254 ( 1 3 . 1 )  n=42 
11 BEST11 
ESTIMATE 
2 , 093 
82 
4 , 047 
488 
4 , 7 69 
324 
1 1  , 803 
% CHANGE 
I N  LOAD 
-2 1 
-30 
+ 1 3  
+35 
+98 
n = n umber of s amp l i ng events  between October 1 97 9  and  September  1 980 . 
Sourc e :  Reference  ( 88 ) . 
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Con s i derab l e d i s crepan c i e s  regard i ng the  report i ng of  STP phosphoru s 
l oads  are a l so  e v i dent  i n  the  l i terature . I n  1 97 9 ,  the  Water  Qua l i ty 
Board ' s  Remed i a l Programs Subcommi ttee prod uced  an i nventory ( 257 ) whi c h  
i nc l uded 83  mun i c i pa l  STP d i s c hargers  t o  Lake Ontari o ,  both d i rect  and 
i nd i rec t ,  wi th f l ows greater than 3 , 800 m3 /d , p l u s  an add i t i on a l  20 
wi th f l ows <3 , 800 m3 /d . Tota l .P l oad from a l l 1 03 STPs was 6 , 884 
kg /d  ( 2 , 5 1 3 t / a ) , based on the 1 978  c a l ender year for Ontari o p l ants  and 
J u l y  1 977  to J une  1 978  for New York p l ants . A l most  con c u rrent l y ,  
Swi tzenbaum e t  a l . ( 89 )  conducted a s i mi l ar s u rv ey and i d ent i fi ed 9 1  STPs 
wi th total f l ows i n  exces s of 3 , 800 m3 /d  and a total  P l oad of 2 , 858  
t / a , approx i mate l y  1 4% h i gher  than the  prev i ous  e s t i mate . I n  the  1 980 
Report on Great Lakes Water Qua l i ty ,  Append i x  B, on l y  61 STPs were 
i dent i fi ed wi th f l ows >3 , 800 m3 /d  and tota l P l oad of 2 , 544 t / a . 
Furthermore , mun i c i pa l  phos phoru s l oads  for 1 975  to 1 98 1 , a s  noted i n  the  
annua l  reports of the  Water  Qua l i ty Board , i n c l uded STPs  d i s charg i ng 
d i rec t l y  i nto the  l ake and a l l i nd i rect d i s chargers over 3 , 800 m3 /d  
( 1  MGD ) i n  the  U . S .  but  over  4 , 500 m3 /d  ( one  mi l l i on i mperi a l  ga l l on s  
per day) i n  Canad a .  Load i ng e s t i mates  for 1 982 , however , i nc l uded 
i nd i rect  Ontari o d i s chargers over 3 , 800 m3 /d . 
I n  1 983 , another i nv entory of mun i c i pa l  wastewater treatment 
fac i l i t i es was  comp i l ed ,  th i s t i me by the  Mun i c i pa l  Abatement Task Force  
of the  Board ' s  Water Qual i ty Programs Commi ttee . N i n ety-s i x  STPs  wi th 
d e s i gn f l ows greater than 3 , 800 m3 /d were i dent i fi ed a s  d i s c harg i ng 
to the Lake Ontari o bas i n .  An add i t i ona l  1 1 1  STPs wi th d e s i gn f l ows l es s  
than 3 , 800 m3 /d and greater than 380 m3 /d  were a l so  i dent i fi ed .  
The  Task Force c a l c u l ated 1 98 1  mun i c i pa l  l oadi ngs of tota l  P from the 96 
STPs wi th d e s i gn c apac i t i es  >3 , 800 m3 /d  to be  2 , 408 t / a ,  compared 
wi th 2 , 83 3  t/a i n  1 978 . These  e st i mate s , however , i n c l uded contri but i on s  
t o  t h e  St . Lawren c e  R i ver  o f  approx i mate l y  205 and 1 87 t / a  for 1 98 1  and 
1 978 , respect i v e l y  ( 73 , 90 ) . 
There can  a l so  be  con s i derab l e d i fference s  i n  proj ected mun i c i pa l  
contri but i on s o f  phos phorus t o  t h e  tota l l ake l oad . U s i ng 1 983 f l ow 
data , the  Water Qua l i ty Board ( 9 1 ) proj ec ted that 1 983  total  muni c i pa l  
l oads  to  the  l ake wou l d  have been  1 , 7 1 7  t / a ,  had  a l l STPs  d i s charg i ng 
>3 , 800 m3 /d  a c h i eved a 1 . 0 mg / L  effl uent  con centrat i on .  As  i s  
ev i dent  i n  the  fo l l owi ng tab l e ,  howev e r ,  proj ected mun i c i pa l  tota l  P 
contri but i on s  c an range from 1 , 500 to 2 , 1 32 t / a ,  depend i ng on wh ether 
des i gn or actual  1 983  f l ow data are u s ed , a s  we l l as  whether a l l STP 
effl uent  con centrat i ons  are s et to 1 . 0 mg/ L  or , for those p l ants  
rou t i n e l y  a c h i ev i ng < 1  .0  mg/ L ,  the i r actua l  effl uent  concentrat i ons  are  
u s ed . 
PROJ ECTED MUNICIPAL TOTAL PHOSPHORUS LOAD 
( tonnes  per year ) 
STPs i n  noncomp l i an c e  = 1 mg/ L ,  and 
STPs i n  comp l i an c e = actua l  
total  P concentrat i on ach i eved . 
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1 , 500 1 .  628 
The mos t  c u rrent a s s e s sment of the  expected  l oad to Lake Ontari o ,  on 
ach i evement of the  1 mg/ L  effl uent  l i mi t ,  was contai ned  i n  a 
commun i cati on to the  Parti es  of the  Agreement . Based  on th i s l ate st  
ana l ys i s ,  Lake On tari o wi l l  e xceed  i ts target l oad of 7 , 000 t / a  by  on l y  
427 t / a  wh en a l l mun i c i pa l  waste  treatment p l ants  wi th  fl ows i n  e x c e s s  of 
3 , 800 m3 / d  a c h i eve  a 1 mg/ L  effl uent  conc entrati on . To prov i d e  some 
perspecti ve , t h e  range i n  mun i c i pa l  l oads  ( s hown i n  the  tab l e abov e )  i s  
632 t / a  ; th i s exceeds  the  add i t i onal  reduct i on of 427 t / a  nece s s ary to 
meet the  target l oad  for Lake Ontari o ( 9 1 ) .  
I n  the  mos t  c urrent a s s e s sment , the  total tri bu tary l oad ( i . e .  
i nd i rect  mun i c i pa l , i nd i rect i nd u s tri a l , tri butary nonpoi n t )  of  2 , 728  t / a  
i s  cons i derab l y  l es s  than the  4 , 047 t / a  tri butary l oad e s t i mate d ev i s ed 
by PLUARG and  t h e  4 , 490 t / a  e st i mate by Task Group I I I  for 1 97 6  ( s ee  
Tab l e 2 5 ) . Th i s i s  becau s e  1 97 6  tri butary f l ows were  con s i d erab l y  
greater than t h e  l ong-term base  f l ow u s ed i n  the  recent  e st i mate . 
Neverthel e s s , normal annua l  vari ati ons  i n  f l ow wi l l  re su l t  i n  an 
e s ti mated range of d i ffu s e  phosphoru s l oad of 800 - 1 , 400 t / a  for U . S .  
tri butari e s  a l on e  ( 92 ) . 
Un l i ke prev i ou s  e s t i mates  of expected  l oads  a s  the  1 mg/ L  effl uent  
l i mi t i s  reached , th i s  recent  e st i mate contai n s  a 650  t / a  11 Lake 
Eri e-Ni agara R i ver  res u s p en s i on .. fac tor . Thi s res u spen s i on factor was 
c a l c u l ated by s ubtrac t i ng the e st i mated 1 980 l oad  from Lake Eri e ( ba s ed 
on the  average annua l  tota l P concentrat i on i n  the  offs hore waters of the  
eas tern bas i n i n  1 980)  from the  1 982 e st i mated i nput from Lake Eri e 
( determi ned  by s ubtrac t i ng e s t i mated tri butary l oad i ngs  and  reported 
mun i c i pa l  and fnd u s tri a l  d i s charges to the  N i agara R i v e r  from the  ex i t 
l oad  a s  mon i tored at N i agara-on-th e-Lake ) .  The ca l c u l at i on s  u s e d  are 
reprod u c ed a s  fol l ows : 
LOADI NG SOURCE TOTAL PHOSPHORUS LOAD 
( ton nes  oer vear) 
( 1 )  E s t i mated i nput  from Lake Eri e 3 , 330 
( 2 )  E s t i mated i nput from eas tern bas i n 2 , 680 
( 6 , 853 m3 / s  x 1 1 . 2 �g / L )  
( 3 )  Amount attri buted to .. Lake Eri e- 650 
N i agara Ri ver  re su spen s i on 11 
There are two obv i ou s  errors a s soc i ated wi th l i n e 2 .  F i r s t l y ,  6 , 853 
m3 / s  x 1 1 . 2 �g/ L  = 2 , 420 t / a ,  not 2 , 680 t / a  as stated . S econ d l y ,  the  
average annua l  f l ow for the  N i agara Ri ver  for 1 980 was  6 , 570 m3 / s  and 
not 6 , 853 m3 / s , whi c h  wou l d i n c l ude  d i s charge from the  We l l and Ri ver . 
By s u b s t i tut i n g  the  correct f l ow i n to l i n e 2 ,  the  eastern bas i n  ex i t l oad 
becomes 2 , 320 t / a  and the resuspen s i on l oad 1 , 0 1 0 t / a .  It i s  u n c l ear why 
the  N i agara R i v e r  l oad for 1 982 was u s ed i n  th i s c a l c u l ati on . I f  the  1 980 
l oad of 3 , 087 t / a  i s  s ub st i tuted i n to i t ,  the resuspen s i on l oad become s 
767  t / a . Note a l so  that th i s  l oad i s  extreme l y  s e n s i t i v e  to the  preci s i on 
of the  mean annua l  total  P concen trati on i n  the  eastern bas i n ,  a s  a 
d i fference  of 1 . 0 �g/ L  i s  equi va l ent  ( ba s ed on 1 980 f l ows ) to a l oad i ng 
d i fference  of 207 t / a . 
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Whi l e  i t  was recogn i zed  that the  r e s u s p en s i on l oad was h i g h l y  vari a b l e ­
from year tb year , i n  order to e s t i mate total expected  l oad , i t  was a s s umed_ 
to be con s tant . As f l ow i n  the  N i agara Ri ver  i n creas e s  i n  a s soc i ati on wi th 
h i gher  l ake l ev e l s ,  the  tota l P concentrati on a l so i n creas e s , far more than 
cou l d  l i ke l y  be  accounted  for by i n creas e s  i n  the  eas tern bas i n  ( F i g .  45 ) . 
Thus , i t  wou l d  s eem that at h i gher l ake l ev e l s ,  eros i on a l  l os s e s near  the  
i n l et to  the  r i ver  i n c rease  s u b s tanti a l l y ,  s ugge s t i ng that  the  re s u spen s i on 
l oad i n crea s e s  sys temat i c a l l y  wi th d i s charge . Thi s i n creased tota l  P 
con centrat i on i s  not d u e  to wi th i n-ri ver  l oad i ng ,  a s  the  d i fference  i n  mean 
annua l  total P between N i agara-on-the-Lake and Fort Eri e e xh i b i ts  l i tt l e 
change  from 1 984 to 1 985 ( F i g .  45 ) . Furthermore , h i gh total  P l ev e l s i n  the 
r i ver  have been  a s soc i ated wi th h i gh turbi d i ty l ev e l s ( 93 ) . 
Th i s rai s e s  the i s s u e  of the e co l og i c a l  s i gn i fi cance  of the  r e s u s p e n s i on 
l oad to Lake Ontari o .  I f ,  a s  s ugges ted by th i s ana l ys i s ,  the  bu l k  o f  th i s 
materi a l  i s  a re s u l t  of b l u ff and  beach eros i on ,  then  i t  i s  b i o l og i c a l l y  
u navai l ab l e ( 94 , 95 ) . On the oth er hand , i f  a l arge port i on o f  t h i s 
contri but i on i s  der i ved  from re s u s pen s i on of bottom s ed i ments , then  i t  cou l d  
conta i n con s i d erab l y  greater amounts  of avai l ab l e phos phoru s .  S i n c e  the 
re s u s pen s i on l oad from th i s one source  account s  for more than 1 0% of the  
tota l l ake total  P l oad , programs s hou l d  be  undertaken to  a s c ertai n i t s 
b i oavai l ab i l i ty .  
Progre s s  i n  Ach i ev i ng Target Load s 
The i n herent  d i ffi c u l ty i n  as s e s s i ng wh ether  progre s s  has  been  made i n  
reac h i n g  the  target l oad of 7 , 000 tJ a l i e s i n  the  fac t  that the  target l oad 
i s  bas ed on h i s tori c a l  average fl ow cond i ti on s  i n  the N i agara R i ver  and the  
1 97 6  tri butary fl ows to  the l ake , whereas the annua l  l oads  reported by the  
Surv e i l l an c e  Work Group are  determi ned  u s i ng the  f l ow cond i t i on s  of that 
year . Con s equen t l y ,  u n l e s s  annua l  l oad e s t i mates  are norma l i�ed to the s ame 
fl ow cond i t i on s , i t  i s  not pos s i b l e to determi ne  progre s s  i n  reac h i ng  the  
target l oad . 
Di s coun ti ng  th i s restr i ct i on , howev e r ,  tota l annua l  l oads  have been  
wi th i n  500 t of the  target l oad i n  two re cent  years : 1 98 1  ( 7 , 437 t )  and 
1 983 ( 6 , 680 t ) . N everth e l e s s , i t  i s  not po s s i b l e  to conc l ud e  that the  
target l oad has  been  met� d u e  to  a l ack of some measure  of vari ance  
a s soc i ated wi th the reported l oad . W i thout th i s ,  ach i eveme n t  of the  target  
l oad cannot be determi ned  wi th any s tati s t i c a l  confi d e n c e . 
TRENDS I N  SYSTEM RESPONSE TO LOADI NGS 
The pre s ent  method of l oad determi nati on does  not take i n to 
con s i d e rati on how mu ch  of the l oad i s  a s s i mi l ated and /or reta i ned  i n  
tri butari e s , harbours  and  nears hore env i ronments . For i n s tan c e , the  
Ki ng ston ba s i n  of Lake Ontari o rece i v e s  s i g n i fi cant  contri bu t i on s  of 
phos phoru s from the Bay of Qu i n te , Ontari o and the  B l ack R i v e r ,  N ew York . 
I n  1 980 , th e s e  total l ed 6 1 0  t or 7% of the  total l ake l oad : 1 30 t from the  
B l ack R i ver  and  480 t from the Bay of Qu i n te ( 67 , 69 ) . A l though i n c l uded  i n  
the  tota l l oad , the fract i on of the  tota l P l oad to the  Bay of Qu i n te that 
actua l l y  reac hes  the Ki ng ston ba s i n i s  h i g h l y  vari ab l e ,  wi th percentage 
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6. 1 6.2 &3 &4 &5 &6 
DISCHARGE ( 103m3 / S )  
6.7 6.8 
RELATIONSHIP BETWEEN TOTAL PHOSPHORUS AND DISCHARGE IN THE 
NIAGARA RIVER. 
reten t i on i n  Qu i n te rang i ng from -0 . 9% to 44 . 5% ( 69 ) . From 1 972  to 1 98 1 , 
retent i on averaged 23% .  Of the  77% of the  l oad that i s  exported from the  
bay , some port i on wi l l  l i ke l y  be  tran s ported d i rect l y  downstream i n to the 
St . Lawrence  R i v e r  wi thout mi x i ng s i gn i fi can t l y  w i th waters  of the  Ki ng ston 
bas i n .  Furthermore , d i s tr i but i on of water c h emi s try data s uggests  that 
there i s  l i tt l e trans port from the  Ki ngston qas i n i nto Lake Ontari o .  H en c e ,  
tota l P l oads  from t h e  Bay o f  Qu i nte a n d  the Bl ack R i ver  wi l l  have mi n i ma l  
i mpact  on the  mai n l ake . 
S i mi l ar arguments  can  be  app l i ed to H ami l ton and  Toronto Harbours . The 
e s t i mated annua l  l oad to Hami l ton Harbour i n  1 982 was 1 77 t ( 60) . Retenti on 
stud i e s  c arr i ed out i n  1 97 9  and  1 980 , howev er , demon s trated that on l y  34% of 
the  harbour i nput , or 60 t / a , was exported to the l ake . Comparab l e  
con d i t i on s  may e x i s t  for Toronto Harbour , but  l ack  of i nformati on prec l ud e s  
a s i mi l ar ana l ys i s .  
The pauc i ty of i nformati on wi th whi c h  to a s s e s s  what port i on  of the  
total  l oad actua l l y  reache s  the  mai n body of the  l ake on an annual  bas i s 
requ i re s  that on l y  tota l  l oad be  referred to i n  s u b s equent  d i s c u s s i on s , i . e .  
a s s ume that a l l the  phosphorus  that enters  a harbour or tri butary d ra i nage 
bas i n  i s  tran s ported �o the  mai n l ake . I t  i s  not unreasonab l e to a s s ume , 
however , that changes  i n  mai n l ake l oad s refl e c t  changes  i n  l oad  to the  
reg i on s  i dent i fi ed , con s i der i ng that wi d e s pread efforts  to red u c e  phos phoru s 
l oa d i ngs  are i n  p l ac e .  
The target l oad o f  7 , 000 t / a  deve l oped by Task Group I I I  was d e s i gned  to 
a c h i eve  s p e c i f i c cond i t i on s  i n  the  offs hore waters : an annua l  average tota l 
P con c entrat i on of 1 0  �g/ L  ( s i n c e  changed to a spr i n g  average ) ,  a c h l �  
l ev e l  o f  2 . 6  �g/ L  a n d  a n  av erage Secch i  d i s c  depth o f  5 . 3  m ( 1 6 , 9 6 ) . 
Con s equen t l y ,  on l y  s tati ons  s amp l ed wi th i n the offshore reg i on ,  h i gh l i ghted 
i n  F i g .  46 , were u s ed to eva l uate who l e l ake respon s e .  
Respon s e  i n  Water  Qua l i ty 
Spri n g  tota l P concen trat i ons  ( from 1 m) ( F i g .  47 ) have responded 
rap i d l y  to changes  i n  l oad . Pri or to 1 973 , total  P ex h i b i ted no s i gn i fi cant 
(p  <0 . 05 )  trend wi th t i me .  S u b s equent  to 1 973 , when effects  of contro l s on 
detergent  phosphates  began to man i fe s t  thems e l v e s , a h i gh l y  s i gn i fi cant 
decreas i ng trend was obs erved at the  rate of 1 . 35 �g/ L • a . I n  1 985 , 
spr i ng  s urface  mi d l ake total P conc entrat i ons  averaged 1 0 . 7  �g / L ,  compared 
to a target l ev e l  of 1 0  �g/ L .  
Spri ng  s urface  so l u b l e react i ve P responded rap i d l y ,  i n  conj unct i on wi th 
changes  i n  tota l  P ,  exh i b i t i ng  a h i gh l y  s i gn i fi cant  ( p  <0 . 00 1 ) decreas i ng 
trend at the  rate of 0 . 83 �g / L • a  from 1 973 to 1 985 ( F i g .  48) . I f  i t  i s  
a s s umed that so l u b l e reac t i v e  P s erv e s  a s  a general  i nd i c ator of 
b i o l og i c a l l y  avai l ab l e  phosphoru s , then  i t  can be con c l uded  that s trategi e s  
app l i ed to the  red u c t i on of total P l oad have  been  s u c c e s s fu l  i n  redu c i ng  
the  more avai l ab l e  forms of phos phoru s .  
Var i ab i l i ty of the  phos phorus d ata has  a l so decreased  over th i s t i me 
peri od , part i c u l ar l y  after 1 973 . I n i ti a l  l arge vari ances  may be  re l ated , to 
some extent , to d i fferi ng  ana l yt i c a l  and  s amp l i ng methodo l og i e s  emp l oyed 
dur i n g  1 968-7 2 . After 1 973 , howev er , con s i s tent  ana l yt i c a l  and s amp l i ng 





FIGURE 46. OFFSHORE REGION OF LAKE ONTARIO SELECTED FOR TREND ANALYSIS. 
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Error bars are ± 1 standard deviation. 
methodo l og i e s  were mai ntai n e d  and  vari ances  therefore were a l mo s t  e nt i re l y  
d u e  to spat i a l  grad i ents  encountered i n  the  offs hore waters . 
Amb i ent  spr i ng total P con c entrat i on s  can b e  re l ated to annua l  l oad 
u s i n g  a mu l t i p l e  regre s s i on mod e l . By adj u s t i ng  the  t i me l ag b etween  
l oad i ng year  and  spr i ng  tota l  P concen trat i on , and  s e l ect i n g  for opti mum 
goodn e s s  of f i t ,  the  b e s t  d e s c r i ptor of spr i ng  tota l P concen trat i on i s :  
l og ( tota l P )  = 22 . 4 L( t- 2 )  + 1 2 . 1 L ( t-3 )  + 1 7 . 5L ( t-4) + 0 . 676  
where L = l oad  x 1 0-6 ( t/ a )  
t = year , where t-2 repres ents  a l ag t i me of two years . 
Th i s  ana l ys i s i nd i cated that 80% of the  change i n  spr i n g  total  P cou l d  be 
accounted for by the 1 oad from two years p rev i ou s . and  90% by the  s'um of the 
s econ d , t h i rd , and  fourth years prev i ou s . 
The adequacy of th i s equat i on was ver i fi ed  by s u b s t i tut i ng  the  
appropr i ate l oad s to  pred i ct  the  1 983 , 1 984 and  1 985  spr i ng  tota l  P 
con c entrat i on s , whi ch  h ad been  exc l uded  from the  der i vat i on of the  
equat i on . I n  each cas e ,  the  pred i cted con centrat i on was wi t h i n 5% of the  
obs erved conc entrat i on .  
Ac cord i ng  to Vol l enwei d er • s  ( 1 1 )  1 1 b e s t 11 equat i on , d ev e l oped from a 
n umber of European l akes , the  total P l oad mu s t  decreas e to 0 . 33 
g/m2 • a  ( =6 , 2 60 t / a )  i n  order to ach i eve  the  target l ev e l . Th i s i s  
i dent i c a l  wi th  the  e s t i mate of 0 . 32 9  g/m2 • a  ( or 6 , 230 t /a )  a s  
determi n ed by  t h e  mu l t i p l e l i n ear regre s s i on equat i on d ev e l oped from the  
observed  data . However , i t  i s  apparent  from F i g .  49 that , under  
non-equ i l i br i um cond i t i on s  ( e . g .  when  annua l  phosphorus  l oad i n g s  are 
con stan t l y  chang i n g ) , pred i ct i o n s  based  on Vo l l enwei d er • s mod e l  are 
con s i d erab l y  l ower lhan obs erved concentrati ons . Th i s i s  not u n expected , as  
the  Vo l l enwe i d e r  mode l  i s  a s teady-s tate mode l . Furthermore , con trary to 
pred i c t i on s , 80% of the  respon s e  of spr i ng  total P concentrat i on to l oad i ng 
changes  occurred wi t h i n two years and  90% wi t h i n four  years . Chapra and 
Sonzog n i  ( 97 )  e s t i mated that i t  wou l d  requ i re approx i mate l y  e i ght  years to 
ach i ev e a 90% respon s e  to a change i n  external  l oad . whi l e  Thomann  et a l . 
( 40 )  e s t i mated 1 0  to 20 years . Lee et a l . ( 98 )  s ugges ted that three t i mes  
the  phos phoru s re s i d e n c e  t i me ( total  i n- l ake mas s / annua l  phos phoru s l oad ) 
wou l d  be  nece s s ary to ach i eve  a new equ i l i bri um tota l P concentrat i on i n  
res pon s e  to a change i n  l oad . Based  on the max i mum tota l  P concentrat i on of 
approx i mate l y  30 �g / L  obs e rved  i n  1 973 , even  i f  ach i evement of the 7 , 000 
t / a  target l oad had been  i mmed i ate , the  phosphoru s re s i dence  t i me wou l d have 
been  7 . 2  a .  Under the se  cond i t i on s , a n ew equ i l i br i um rat i o wou l d  have 
taken 2 2  years to b e  e s tab l i s hed . 
Wh i l e  the  mu l t i p l e  regre s s i on re l ati on s h i p  s uggests  that a furth er 
decrease  of  a l mo s t  800 t / a  wou l d be  requ i red to ach i ev e  the  target total P 
concentrat i on , t h i s fi gure may fa l l wi th i n the  error as soc i ated wi �h the 
reported annua l  l oad . It i s  a l so  wel l wi th i n  the  normal i n terannua l  
vari ab i l i ty of the  total l ake l oad . Con s equ en t l y ,  no effort shou l d be mad e 
to red u c e  the  target l oad of 7 , 000 t / a  at th i s t i me .  
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COMPARISON OF VOLLENWEIDER'S PREDICTED SPRING TOTAL PHOSPHORUS 
CONCENTRATIONS FOR LAKE ONTARIO WITH OBSERVED CONCENTRATIONS. 
Source: Reference (85). Vollenweider: Reference (1 1 ) . 
The N i agara R i ver  contri butes  a l mo s t  40% of the  tota l P l oad to Lake 
Ontari o ,  whi l e  repre s en t i ng  85% of the tota l  d i s charge  to the l ake . 
Th u s , the  forms of phos phoru s i n  i t s outfl ow cou l d have a profound 
i n f l uence  on the  fate of phos phorus i n  the  l ake . I n  exami n i ng data 
col l ec ted i mmed i ate l y  offs hore of the N i agara R i ver  mouth , i t  was found  
that , i n  genera l , parti cu l ate phosphorus account s  fo r greater than  50% , 
and  up to 7 5% ,  of the  total  P l oad . Furth ermore , near l y 20% of  the  
r i v er ' s tota l  P l oad i s  contri buted dur i ng  the three s t ron g l y  s trati f i ed 
month s  ( J u l y  to September ) ,  when wat er col umn s tab i l i ty wou l d s erve to 
enhance  the s e d i mentat i on of part i c u l ate matter . Lake Ontari o has  a l so  
been  s hown by  s at e l l i te i magery to  be  s tron g l y  s u s c ept i b l e to  ca l c i um 
carbonate ( CaC03 ) pre c i p i tat i on ( 99 ) . Numerous  s t ud i e s  ( 1 00- 1 02 )  
have demon s trated the  ro l e of CaC03 prec i p i tat i on i n  remov i ng  
phos phoru s from s urface  waters . In  fac t ,  Mu rphy et a l . ( 1 03 )  h av e  
s ugge s ted that coprec i p i tati on o f  phosphates  wi th  CaC03 may s t �on g l y  
regu l ate  b i o l og i ca l  act i v i ty, Th e s e  factors wou l d a l l s erve to 
fac i l i tate the rapi d remova l  of phos phoru s out of the water col umn . 
S i n c e  Sakamoto ( 1 04)  fi r st  s uggested  a quan t i fi ab l e re l at i on s h i p 
between c h l orophyl l and phos phorus i n  a number of J apan e s e  l akes , an  
exten s i v e  vol ume of s upporti ve  l i terature has  ari s en d e s c r i b i ng  s i mi l ar 
re l at i on s h i p s  betwe en mean s ummer c h l orophyl l and  spr i ng  total  P 
concen trati on s  i n  northern temperate l akes ( 1 1 , 1 05- 1 09 ) . A l though th i s 
s i mp l e. re l at i on s h i p i gnores the myri ad of factors that mi ght  i nf l uence  
s ummer cn l �· l ev e l s ( e . g .  mi x i ng  depth , spec i e s  compos i t i on ,  i nterna l  
phosphorus l oadi n g ) , wi th s uch  an ov erwh e l mi ng body of s upport i ng  
ev i dence , i t  wou l d have been expected that phytop l ankton b i omas s  wou l d  
respond i n  a s i m i l ar man n e r .  
Three a l ga l  b i oma s s  e s t i mators were s amp l ed con s i s ten t l y  from 1 974 to 
1 982 i n  conj unct i on wi th the s u rvei l l ance  program : ch l � .  PON and  POC . 
Ch l � .  corrected for phaeopi gment conten t ,  prov i d e s  an e s t i mate of 
phytop l ankton s tan d i ng crop . I n terpretat i on of corrected ch l �  
concen trat i on s  i s  comp l i cated by f l uctuat i on s  i n  c e l l u l ar c h l orophy l l 
conten t ,  d u e  to d i fferent spec i e s  compos i t i on wi th d i ffe ri ng  growth rates 
as  we l l as  nutr i t i ona l s tate and  s easona l  d i fferences  i n  c e l l u l ar 
c h l orophy l l content  wi th i n a spe c i e s  ( 1 1 0 ,  1 1 1 ) .  POC and  PON both p rov i de  
e s t i mates  of tota l s e s ton , i n c l ud i ng phytop l ankton , zoop l ankton , bacteri a 
and detr i t u s . Con s equen t l y ,  h i gh percen tages of non- l i v i ng materi a l  can 
be  i n c l uded  i n  the i r meas u rements . 
Al l three b i oma s s  i nd i cators i n  the  offshore waters  of Lake Ontari o 
dur i ng  1 974 to 1 982 ex h i b i ted b i moda l  d i s tri bu t i on s  ( F i g .  50) . 
Con s eque n t l y ,  the  ab i l i ty to detect  a trend i n  mean s ummer b i omas s  i s  
s trong l y  dependent  on the  t i mi ng and  number of c ru i s e s  u s e d  i n  der i v i ng  
the mean , as  we l l as  how the spri ng- s ummer tran s i t i on peri od i s  d efi ned . 
I t  i s  wel l e s tab l i s hed  that the onset  and  s u b s equent  d e v e l opmen t  of 
the spr i ng  growt h phase  i s  control l ed pri n c i pal l y  by i n creas i ng l i ght  and 
temp erature i n  northern temperate l akes ( 1 1 2 ) .  Con s equen t l y ,  any 
re l at i on between b i omas s and phos phoru s dur i ng th i s peri od wou l d not be  
expec ted . To  ver i fy th i s as s umpti on , a s t epwi s e  mu l t i p l e  l i n ear 
regres s i on ana l ys i s ,  re l ati ng  the b i omas s  i nd i cators ( POC , PON , ch l �) to 
mean s u rface  temperature and total  P was u s ed . Lean et a l . ( 1 1 3 ) have 
demons trated that Lake Eri e phytop l ankton rap i d l y  dep l ete  the epi l i mn i on 
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SEASONAL DISTRIBUTION OF PARTICULATE ORGANIC CARBON, PARTICULATE 
ORGANIC NITROGEN, AND CHLOROPHYLL a (CORRECTED), COMBINED FOR 
1 974-1 982. 
Source: Reference (85). 
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of avai l ab l e phos phoru s ( as so l u b l e reacti v e  P )  once  therma l 
s trati fi cati on i s  comp l ete l y  e s tab l i s hed . Exami nati on of v erti c a l  
temperature profi l e s for Lake Ontari o . rev�a l ed that comp l ete  therma l 
s trat i fi cati on coi n c i ded wi th a mean mi d-l ake s u rface temperature of 
l 5 ° C .  Con s equent l y ,  regre s s i on ana l ys i s was restri cted to those cru i s e s  
where t h e  mean s urface  temperature was l es s  than l 5 ° C .  
Res u l t s  of the  regre s s i on ana l ys i s i nd i cated that , dur i ng  spri ng , 
a l most  80% of the  vari abi l i ty i n  ch l � .  and approx i mate l y  90% of the  
v ari ab i l i ty i n  POC and PON , was  attri butab l e to temperature ( Tab l e 2 7 )  
( 85 ) . Repeat i ng  th i s ana l ys i s for the  fa l l peri od prov i ded s i mi l ar 
res u l t s , wi th approx i mate l y  50% of the  vari abi l i ty i n  ch l � .  87% i n  PON 
and 78% i n  POC be i ng  attri b utab l e to temperature . I n c l u s i on of total  P 
was s i gn i fi cant  ( p  <0 . 05 )  on l y  i n  the  spr i ng  and fa l l POC regre s s i on 
ana l yses , b ut  i t  accounted · for l es s  than 4% of the  remai n i n g  u nexp l ai n ed 
vari ati on i n  POC . I t  was con c l uded that a l ga l  b i oma s s  i n  the  spr i ng  and 
fal l i s  a l most  ent i re l y  a funct i on of temperature and , con s equent l y ,  
l i ght . Therefore , trend ana l ys i s of a l gal  b i oma s s  was restri cted to 
tho s e  cru i s e s  wh ere the  mean s urface temperature exceeded 1 5° C .  
By restri c t i n g  trend ana l ys i s to t h e  strati fi ed peri od , t h e  re s u l t s  
of  on l y  23  c ru i s e s  between  1 974 and  1 982 were exami ned . Nev erthe l e s s , 
wi th i n-year rang e s  i n  b i oma s s  i nd i cators �ere s t i l l  l arge , wi th max i mum 
ranges of 2 . 23 , 2 26 . 6  and 40 . 2  �g/ L  for c h l � .  POC and PON , . 
respecti v e l y .  Con s equent l y  any real  trend i n  the  data wou l d  l i ke l y  be  
obscured . To  red u c e  th i s vari abi l i ty ,  a regre s s i on re l ati on sh i p was 
dev e l oped b etween  the b i oma s s  i nd i cators and some i ndependent vari ab l e s 
( J u l i an day and mean s urface  temperature ) ,  thus  s erv i ng to remove 
s easonal  effects  from the data . U s i ng th i s techn i que  a l l ows the 
confou nd i ng  i n f l uence  of s amp l i ng date to be  removed , a s  we l l as  reduc i ng 
the vari ab i l i ty a s soc i ated wi th the  s ummer  mean . 
POC and PON both s howed h i gh l y  s i gn i fi cant ( p  <0 . 005 ) re l at i on s h i p s  
wi th  t h e  i ndependent  vari ab l e ,  JD  - 235 , where JD  ( J u l i an day) repres ents  
the actua l  s amp l i ng date  and 235  i s  the  J u l i an day at wh i ch the  mi n i mum 
of the  b i moda l  c u rv e  occ u rred . The J u l i an day repres enti ng the  mi n i mum 
of the c u rv e  was s e l ected s i mp l y  by s ub st i tuti ng  a l l J u l i an days fa l l i ng 
i n  the  s ummer  peri od ( JD 200 to 265 )  i nto the  i ndependent  expres s i on and 
s e l ect i n g  for the  b e s t  fi t (r = 0 . 58 and 0 . 80 for POC and PON , 
respecti v e l y) . I n  contra s t  to POC and PON , c h l �  exh i b i ted a more 
s i gn i fi cant  re l ati ons h i p  wi th temperature (p <0 . 005 , r = -0 . 70) than wi th 
J u l i an day .  Long-term trends  i n  bi oma s s  i nd i cators , therefore , were 
eva l uated u s i n g  two d i fferent methods . 
Ranges of the  des easona l i zed data were redu c ed cons i d erab l y  ( 2 9% ­
ch l � .  1 8% - POC , 4 1 % - PON ) . Con s equent l y ,  the  abi l i ty to detect  a trend 
i n  s ummer  a l ga l  b i oma s s  was great l y  i mproved . Nev erthe l e s s , no 
s i gn i fi cant (p <0 . 05 )  dec reas i ng trend i n  t i me a s s oc i ated wi th decreas i ng 
spri n g  total P concentrati ons  was obs erved . Therefore , con s i derati on had 
to be  g i v e n  to why the  a l ga l  bi oma s s  fa i l ed to re spond a s  predi cted . 
The  l ack  of a d i s t i nct  trend i n  any of the  a l gal  b i oma s s  i nd i cators 
from 1 974 to 1 982 s uggests  two exp l anati ons ; e i ther the s tati s t i ca l  
des i gn of  the  program was i n s u ffi c i ent to  det�ct  the  expec ted change i n  
- 1 20 -
Season 
Spri ng  
Fa l l 
TABLE 27  
DETERMI NATION OF DEPENDENCE OF BIOMASS INDICATORS 
ON MEAN SURFACE TEMPERATURE AND TOTAL PHOSPHORUS 
�y STEPW I S E  MULTIPLE  REGRESSION 
I n d ependent  
S i gn i fi cance  r2 r2 Dependent  Vari ab l e  
Vari ab l e Entered Change 
POC Step 1 MSTa 0 . 000 0 . 90 0 . 90 
Step 2 Tota l  P 0 . 006 0 . 92 0 . 03 
PON Step 1 MST 0 . 000 0 . 92 0 . 92 
Step 2 Total  p 0 . 670 0 . 92 0 . 00 
ch  l g_  Step 1 MST 0 . 000 0 . 79 0 . 79 
Step 2 Tota l  p 0 . 074 0 .  8 1  0 . 02 
POC Step 1 MST 0 . 00 1  0 . 78 0 . 78 
Step 2 Total  p 0 . 048 0 . 82 0 . 04 
PON Step 1 MST 0 . 00 1  0 . 87 0 . 87 
Step 2 Tota l  p 0 . 307 0 . 87 0 . 00 
ch  l g_  Step 1 MST 0 . 042 0 . 50 0 . 50 
Step 2 Total  p 0 . 42 6  0 . 5 1 0 . 0 1 
a .  MST • mean surface temperature . 
Source :  Reference  ( 85 ) . 
- 1 2 1  -
r 
0 . 95 
0 . 38 
0 . 96 
0 . 2 1 
0 . 89 
0 . 06 
0 . 89 
0 . 1 0  
0 . 93 
-0 . 03 
0 . 7 1 
0 . 05 
a l ga l  b i omas s ,  or the  b i omas s  was not respon d i ng  to the  decrease  i n  s pr i ng  
tota l P concen trat i on a s  pred i cted . 
The  f i r s t  aspec t ,  that of s tati s t i ca l  de s i gn ,  was add re s s ed i n  detai l by 
Knowl ton et a l . ( 1 1 4 ) .  They exami n ed the sources  of var i ab i l i ty ( fi e l d ,  
da i l y ,  s easona l ) i n  c h l orophyl l and  phos phoru s mea s u rements  for a n umber  of 
l akes and the i r effects  on the i nterpretab i l i ty of data . They con c l uded  
that , wi th three  s amp l e s  per s trat i fi ed peri od co l l ected  over  e i ght  years , 
one  s hou l d  be  ab l e  to detect  a twofo l d d i fference  i n  c h l orophyl l between 
years  wi th 90% confi den ce , or a 1 . 5-fo l d d i fference  wi th 70% confi d e n c e . 
Con s i der i ng  that the  s amp l i ng i nterval , u s i ng a con s i s tent  methodo l ogy , 
spanned  e i ght  years , the  l ack of a defi nab l e trend wou l d  appear to be  a real  
phenomenon . 
Most phos phorus-c h l �  re l ati on s h i p s  have been  der i v ed u s i ng  the  spr i ng  
total  P con centrati on , argu i ng that th i s repre s ents  the  poo l of phos phoru s 
� avai l ab l e for convers i on to b i omas s  d u r i ng  the  growi ng  s eason  ( 1 1 5 ) .  Th i s 
a s s umes , howev er , that externa l  l oad i ng of phos phoru s to the  epi l i mn i on 
d ur i ng  the s trati fi ed peri od i s  mi n i ma l  and  that b i omas s  and  prod u c t i v i ty 
are dependent  on the  rate of i n ternal  regenerat i on of phos phor u s  wi th i n  the  
epi l i mn i on .  As  th i s i s  not a l ways the cas e ,  i t  i s  not s u rpr i s i ng that 
s everal s tud i e s  have reported a stronger phos phoru s-ch l �  re l ati on s h i p wi th 
s umme r than s pri ng  total P conc entrat i on s  ( 1 08 , 1 1 6- 1 1 8 ) .  
To determi n e  whether s ummer a l ga l  b i omas s  i n  Lake Ontar i o  was respon d i ng 
more to s ummer than spr i ng epi l i mnet i c total P concentrat i ons , i t  was 
nec e s s ary to exami n �  trends  i n  s ummer concentrat i ons  i n  d e ta i l .  
Mea s urements  for s umme r concen trati ons  were mad e more i n frequen t l y  than for 
spr i ng concentrat i on s  and are avai l ab l e on l y  for 1 969 , 1 972  and 1 97 6  to 
1 982 , ex c l ud i ng  1 980 . Neverth e l e s s , s u ffi c i ent  data ex i s t  to demon s trate 
that the mean s ummer epi l i mnet i c total P concen trat i on has not ex h i b i ted the 
s ame decreas i ng trend a s  the spri ng concentrat i on .  W i th the  e xcept i on of 
1 97 6 ,  the  mean s ummer epi l i mnet i c concentrati on has  exh i b i ted on l y  a s l i ght , 
non s i g n i fi cant ( p  <0 . 05 )  red uct i on , decreas i ng from 1 6 . 7  �g / L  i n  1 969  to 
1 4 . 4  �g / L  i n  1 982 . I n  fact , s i n c e  1 977 , the mean s ummer epi l i mn et i c 
concentrati on has  d ecreased  at the  rate of on l y  0 . 3  �g / L• a , d e s p i te a 
decreas e of 1 . 6 �g / L • a  i n  the  spr i ng s u rfac e  tota l P con centrat i on over  
the  s ame per i od . The re s u l t of the s e  contras t i ng  trends  i s  that , i n  1 98 1  
a n d  1 982 , t h e  mean epi l i mnet i c s ummer tota l P con centrat i on exc eeded  t h e  
spr i ng conce ntrati on by 1 -2 �g / L  wh ereas , i n  1 9 69 a n d  1 972 , the  mean 
s ummer con c entrat i on was approx i mate l y  5-7 �g / L  l e s s  than spr i ng  l ev e l . 
Furthermore , d i fferences  betwe en epi l i mnet i c ( 1  m)  and  who l e water 
col umn con c entrat i on s  were mi n i ma l  d u r i ng  spr i ng  turnov er i n  1 969 and 1 972 , 
ev i dence  of de ep mi x i ng .  Once s trat i fi cat i on was e s tab l i s h ed , ep i l i mn i on 
conce ntrat i on s  began to dec l i n e re l ati ve  to hypol i mn eti c water 
concentrati ons , i nd i cat i ng that phytop l ankton uptake and  s u b s equent  
s e d i mentat i on was  of  s u ffi c i ent  mag n i tude  to  overcome l oa d i ngs  to  the  l ake 
d ur i ng th i s  peri od . More recent  data from 1 976  to 1 982 , as i l l u s t rated i n  
F i g .  5 1 , d emon s t rate that , as  the s pri ng total P concentrat i on approaches  
the  target con ce ntrat i on , s ummer ep i l i mnet i c concen trati on s  are i n c reas i ng 
re l ati v e  to average hypo l i mnet i c concentrati ons . The mos t  obv i ou s  
exp l anat i on o f  t h i s phenomenon wou l d  b e  that total  P l oad i ng s  d u r i ng  the 
s trati fi ed peri od ex h i b i ted comparati v e l y  l i tt l e reduct i on re l ati v e  to 
l oad i n gs  d ur i ng  the  nons trati fi ed per i od . 
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FIGURE 51 . DIFFERENCE BETWEEN VOLUME-WEIGHTED EPILIMNETIC AND HYPOLIMNETIC 
TOTAL PHOSPHORUS, 1 976-1 982. 
Suffi c i ent  d ata e x i s t  to determi n e  the  tota l  P l oad  n ec e s s ary to 
mai ntai n a con s tant  tota l  P con c en t rati on i n  the epi l i mn i on dur i ng  the  
s ummer s trati fi ed peri od ( i . e .  mi d-J u l y  to mi d-September) . The i n i t i a l ma s s  
o f  tota l P i n  t h e  0- 1 0  m l ayer o f  t h e  l ake i n  mi d-J u l y  1 982 was 2 , 9 1 0  t .  
The tota l  P l oad from the  N i agara Ri ver  dur i ng  J u l y  to September  was 4 1 0  t ,  
wh i l e  l os s e s  from outfl ow were 600 t .  U s i ng  an e s t i mated tota l  P 
s e d i mentati on rate of 2 . 3  mg /m2 • d  ( 1 1 9 ) g i v e s  a l os s  of  2 , 790 t .  
Therefore , to mai ntai n a con s tant tota l  P concentrat i on  i n  the  epi l i mn i on 
dur i ng  the  J u l y  to S eptember s trati fi ed peri od wou l d  requ i re  a l oad of 
approx i mate l y  2 , 980 t ,  30-40% of the  an nua l  l oad . Thi s s i mp l e mas s  ba l ance  
i gnores any upward hypo l i mnet i c f l ux  of so l u b l e reac ti v e  P or unreacti v e  P .  
However , s i n c e  so l u b l e reacti v e  P was <0 . 5  �g / L  and  tota l  fi l tered P <50% 
of the  total P con centrat i on i n  the  hypb l i mn i on dur i ng  the  strat i fi ed 
peri od , i t  was a s s umed th i s f l ux  was neg l i g i b l e . 
The  i nf l uence  of l oad i ng s  dur i ng  the  s trati fi ed peri od s on total  P 
conc en trati ons  was evj dent  from vert i ca l  concen trat i on profi l e s 6b s e rved  at 
a mi d l ake stat i on ( F i g .  52 ) . When the water col umn was i sothermal ( J une  1 1 ,  
1 98 2 ) , concentrati on s were v erti ca l l y  homogeneou s at 1 1 . 9 �g/ L .  By the  
t i me strat i fi c ati on became e s tab l i s hed l es s  than  three weeks l ater , 
ep i l i mnet i c conc entrat i on s  had i n creased sharp l y  to 25 . 5  �g / L ,  whi l e  
hypo l i mnet i c l ev e l s rema i ned  re l at i v e l y  unchanged at 1 2 . 1  �g / L .  
The  abi l i ty o f  externa l  sources  to domi nate tota l  P l ev e l s i n  the  
epi l i mn i on was  d emon� trated by determi n i ng  re s i d en c e  t i me of the  epi l i mnet i c 
waters dur i ng  the  s trati fi ed ( J u l y-September)  peri od . To s i mp l i fy 
c a l cu l at i ons , o n l y  i nf l ow from the  N i agara Ri v e r  was con s i d ered and  a l l 
i nf l ow a s s umed to be  confi ned  to the  epi l i mn i on .  As  prev i ou s l y  s tated , the 
r e s i d e n c e  t i me of Lake Ontari o on an  average annual  bas i s i s  7 . 8  years . The 
average ep i l i mn 1 on th i ckn e s s  from J u l y  to September d u r i ng  1 98 1  and  1 982 was 
1 0 . 9  m for an  ep i l i mn i on vol ume of 2 . 07 x 1 01 1  m3 • Duri ng  the s ame 
peri od , the d i s charge from the N i agara Ri ver  was 5 . 03 x 1 0 1 0  m3 . A 
mod i fi ed r e s i d e n c e  t i me for the  epi l i mn i on ,  based  on t h e s e  d ata , i s  1 . 0 
year , i nd i cati ng  that potenti a l l y  one-quarter of the  epi l i mn i on i s  d i s p l aced 
by s ummer i nputs  from the  N i agara Ri ver  a l one . 
To exami n e  the  r e l at i on s h i p between a l ga l  b i oma s s  and  s ummer tota l P 
conc entrati on , the  regre s s i on ana l ys i s was repeated . However , i n s tead of 
test i ng  for a d ec reas i ng trend i n  t i me as soci ated wi th d e c l i n i ng spri ng  
tota l  P concen trati on s , a d i rec t re l at i on s h i p was  sought between  the  
d e s easona l i zed a l ga l  b i oma s s  i nd i cators and s ummer tota l  P va l ue s  for thos e 
c ru i s e s  wh ere both were meas ured . Thi s approach was n e c e s s ary becau s e  the 
overa l l trend  i n  the  mean s ummer total  P concen trat i on was con s i derab l y  l e s s  
than that o f  the  spri ng  con centrati on . Unfortunat e l y ,  comparab l e s ummer 
tota l P concen trati on and  b i oma s s  data ex i s t  on l y  for 1 97 6  to 1 982 . I n  
add i t i on , s ummer total  P l ev e l s hav e , apart from 1 97 6 , exh i b i ted a de creas e 
of <2  �g/ L .  The re spon s e  of b i oma s s  to a change of th i s magn i.tude wou l d  
be  mi n i ma l  compared to background  vari abi l i ty .  Not s urpri s i ng l y ,  no 
s i gn i fi cant  re l ati on s h i p  between s ummer tota l P concen trat i on and  b i oma s s  
was obs erved . 
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The extreme l y  h i gh s ummer tota l P l ev e l s obs erved i n  1 97 6  mi ght be  
expected to  l ead to  e l evated a l ga l  b i omas s .  Howev er , thes e  h i gh total P 
l ev e l s coi n c i d e d  wi th  h i gh water l ev e l s ,  s ugges t i ng  that i nc reased  s hore l i ne 
eros i on ,  both i n  Lake Eri e and  Lake Ontari o ,  was respons i b l e .  S i n c e  there 
i s  no b i o l og i ca l l y  avai l ab l e phosphorus as soc i ated wi th  b l u ff mater i a l  ( 95 ) , 
the  l ack  of respon s e  i n  a l ga l  b i �ma s s  i s  not un expected . 
I t  may s eem s u rpri s i ng i n i t i a l l y that La�e Ontari o has  not e x h i b i ted the  
type of respon s e  pred i cted by numerou s phos phoru s -ch l �  re l at i o n s h i p s . 
Reca l l ,  however , that these  re l ati on sh i p s hav e  been d ev e l oped from a l arge 
n umber of l akes , where the range of con centrat i on s  general l y  exceeds  an 
ord er of magn i tude , wh i l e  we are attempti ng to detect  a trend i n  a l ga l  
b i omas s  i n  respon s e  to  a reduct i on i n  total  P concen trat i on of on l y  
1 2  �g / L  ( 1 974-8 2 ) . The  effect  of d ata range on the  s i gn i fi cance  o f  the  
phosphoru s-c h l �  re l ati on s h i p was  read i l y  apparent from the  work of Di l l on 
and R i g l er ( 1 05 )  who found  a s tati s t i ca l l y  s i gn i fi cant  re l ati on s h i p on l y  
after i nc reas i ng the  total P con centrati on range from 1 1  to 1 77 �g / L .  
Sc h i n d l er  ( 1 20) , i n  exami n i ng  the  I n ternat i onal  Bi o l og i ca l  Program l akes 
p l u s  the  Experi mental  Lakes , conc l uded  that he  was a b l e to f i nd  a 
s i gn i fi cant  tota l  P-ch l �  re l at i on s h i p becau s e  the d ata ranged over 2 to 3 
ord ers  of magn i tud e , so  that the i nherent vari abi l i ty of any on e l ake i n  the  
ana l ys i s wou l d be  rend ered i n con s equent i a l  i n  compari son . A s i mi l ar 
conc l u s i on l ed Smi th and  Shapi ro ( 1 2 1 )  to s uggest  that g l obal  mod e l s may not 
accurate l y pred i ct the respon s e  of i nd i v i dua l  l akes becau s e  of the l arge 
vari ab i l i ty of c h l �  at any g i ven  total P concentrati on . 
I t  i s  i mportant , then , to con s i der  tho s e  factors that may i n f l uence  
a l ga l  b i oma s s  other  than  total  P l ev e l s .  N i l s s en ( 1 22 )  argued  that  the  
s i g n , fi cance  of external  phosphoru s l oadi ng  a s  the  so l e cau s e  of 
eu troph i cati on has  been  overs tated and has  ob scured a number of events  
l ead i ng to  and  mai ntai n i ng  eutroph i c  cond i ti on s . He  s ugges t s  that , of the  
pos s i b l e respon s e s  of water bod i e s  s ubj ected to recent  eu troph i cati on , a 
s h i ft i n  phytop l ankton spec i e s  compos i t i on to l arger forms i s  more l i ke l y  to 
be obs erved than an i n crease  i n  a l gal  b i omas s .  Sch i nd l er  et a l . ( 1 23 )  
reported that a l ga l b i omas s was , to some extent , re l ated t o  s p e c i e s  
compos i t i on ,  wi th popu l at i on s  domi nated by green a l gae exh i b i t i ng a l arger 
b i omas s  than those domi nated by b l ue-green s  at s i mi l ar phosphoru s l ev e l s .  
One fac tor that has  been  s hown to a l ter spec i e s  compos i t i on are N : P  
rati os  ( 1 24 , 1 25 ) . Smi th ( 1 26- 1 28 )  observed  that i n crea s e s  i n  the  total N :  
total  P rat i o are ac compan i ed by a s h i ft i n  domi nance  from b l ue-green to 
green a l gae and  d i atoms . The fact that c h l orophyl l content per c e l l vo l ume 
can vary marked l y  both wi th i n  and between  spec i e s  may a l so  confou nd  any 
trend i n  Lake Ontari o a l ga l  b i omas s  ( 1 1 1 , 1 30- 1 3 2 ) . W i th th i s i n  m i nd ,  i t  i s  
worthwh i l e  to i nv e s t i gate any changes  i n  n i trogen l ev e l s ,  and  N : P  rat i os , i n  
Lake Ontari o .  
Un l i ke total  P ,  there i s  n o  bas i nwi de  management  p l an to l i m i t n i trogen 
l oad to Lake Ontari o ,  both becau s e  the a l gal  b i omas s  was apparent l y  not 
n i trogen- l i mi ted and becau s e  n i trogen i s  contri buted  more from 
uncontro l l ab l e sourc es  than phosphoru s ( 8 ) . S i n c e  1 969 , N03 + N02 has  ex h i b i ted a d ramati c r i s e ,  i n creas i ng at the  rate of 9 . 5  �g / L• a  ( F i g .  
5 3 ) . Th i s i s  equ i va l ent to an i n crease  of 1 5 , 5 1 0  t/a . S i mi l ar i ncrea s e s  
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have been  reported for Lake H uron ( 1 5 , 000 t / a )  by Stev e n s  et a l . ( 52 )  and  
for Lake Superi or ( 42 , 000 t/a)  by Chan and  Perki n s  ( 1 29 ) , s ugges t i ng  that a 
common source , s u c h  a s  atmospheri c d epos i t i on , may be  respons i b l e . Howeve r ,  
further ana l ys i s o f  t h e  re l at i ve  contri but i ons  from other sources  i s  
requ i red  to ver i fy t h i s .  I n  contras t ,  d i s so l ved  organ i c  N has  s hown no 
d i s cernab l e trend from 1 97 2 , when  s amp l i ng was i n i t i ated , to 1 982 ( F i g .  5 3 ) . 
Due to i ncrea s e s  of N03 + N02 coi n c i dent  wi th red u c t i ons  i n  
phosphoru s , N : P  rat i os have i nc reased  marked l y  s i n c e  1 97 2 . Spr i ng  N : P  
rati o s , c a l c u l ated a s  ( N03 + N02 + NH 3 ) : total  P for 1 969  to 
1 982 , d emon s trated a d ramat i c i nc rea s e  from a mi n i mum of 1 0  i n  1 973  to a 
max i mum of 30 i n  1 982 ( F i g .  54) . S i n c e  1 972 , the spr i n g  tota l  N : tota l  P 
rat i o  has  i nc reased  from approx i mate l y  1 6  to greater than 3 5 . Furthermore , 
mi d s ummer tot a l  N : tota l P rat i os i n  1 972  ranged from 1 2  to 1 4 ,  s ugge s t i ng  
that there may have been  a s easonal  s h i ft from phosphorus  to  n i trogen 
l i mi tat i on  d u ri n g  the  h i gh phosphorus  years . I n  1 98 1  and  1 982 , s ummer tota l  
N : tota l P rat i os  were a l ways greater than  20 , wi th  part i c u l ate  n i trogen  
accoun t i ng  for on l y  20% of tota l N ,  compared to  50% i n  1 972 , i nd i cat i ng  that 
n i trogen l i mi tat i on  cou l d not oc c u r .  
Phytopl ankton Response  
The  rol e of phosphoru s a s  the  pri n c i pa l  determi nant of a l ga l  b i oma s s  and 
prod u c t i on i n  mos t  northern temperate l akes has  been  c l ear l y  documented , yet 
the  range ( up to l Ox )  i n  a l ga l  b i oma s s  per u n i t total P i nd i cates  that a 
vari ety of other factors , both b i oti c and  ab i oti c ,  i nf l uence  th i s 
re l at i o n s h i p .  For examp l e ,  meteoro l og i c a l  cond i ti on s  < so l ar rad i ati on , 
temp e rature , wi n d )  p l ay a s i gn i fi cant ro l e  i n  determi n i ng  b i omas s ,  
part i c u l ar l y  i n  the  spr i ng  and  fa l l when i n c i dent  l i gh t  and  mi x i ng d epth 
l i m i t a l ga l  growth , but a l so  i n  the  s ummer wh en water col umn stab i l i ty can 
a l ter  spec i e s  domi nanc e .  Furth ermore , the  abi l i ty o f  c ertai n a l ga l  groups 
to mai nta i n h i gher  b i omas s  per u n i t phosphoru s ,  pres umab l y  due to the i r 
ab i l i ty to mi n i mi ze l os s es  ( e . g .  buoyan cy regu l at i on by b l ue-green a l gae)  
can  a l so a l ter  the  b i omas s-phos phoru s re l ati o n s h i p ( 1 1 5 ) .  
Certai n pred i ctab l e changes  i n  the  b i oma s s  s easona l  cyc l e accompany a 
c hange i n  annua l  phosphoru s l oad as  we l l .  For examp l e ,  under  cond i t i on s  of 
i nc reas i ng eutrophy , there i s  a s h i ft i n  the s i ze s pectrum of phytop l ankton 
from the smal l er nan nop l ankton to the l arge r ,  l e s s  d e s i rab l e ,  netp l ankton . 
At h i gher  nutr i ent  l ev e l s ,  n etp l ankton become more comp et i t i ve  a s  we l l as  
l es s  s ubj ect  to  graz i ng  l os s es  d u e  to  thei r s i ze ( 1 1 5 , 1 22 ) . Under  these  
cond i t i on s , the  s ummer b i omas s  mi n i mum , characteri s t i c of o l i go/me sotrophi c 
d i mi c t i c l akes , d i s appears and  i s  repl aced by a b i omas s  max i mum . I n  
contras t ,  o l i gotroph i c  l akes ( where nannop l ankton domi nate)  
characteri s t i ca l l y  e x h i b i t s everal mi nor peaks throughout the  year ( 1 22 ) . 
I n terpretati on of l ong-term trend s  i n  phytop l ankton has  typi ca l l y  re l i ed 
on three bas i c approach e s : document i ng  changes  i n  the  s easona l  cyc l e and  
magn i tu d e  of tota l b i omas s ;  mon i tori ng changes  i n  the  re l at i ve  contri but i on s  
o f  t h e  vari ous  a l ga l  groups t o  the tota l  b i omas s ;  a n d  fo l l owi n g  changes i n  
the  domi nance  of i nd i v i dua l  spec i es  that are a s s umed to be  i nd i cati ve  of 
vari ou s s tages of trophy . Unfortunate l y ,  app l i cati on of the s e  techn i ques  to 
Lake Ontari o phytop l ankton s tud i e s  i s  somewhat l i mi ted by the l ack of 
con s i s tency i n  the  s amp l i ng d es i gn and methodol ogy appl i ed to the se  stud i es . 





� a: • • 
Q. 20 . .  z 
z • <( w 
� 
• • • 
• • • 
• • 
10 
1970 1972 1974 1976 1978 1980 1982 
YEAR 
FIGURE 54. CHANGES IN THE SPRING N:P RATIO FROM 1 969 TO 1 982. 
N calculated as nitrate + nitrite + ammonia; P calculated as total phosphorus. 
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For examp l e ,  the  work of Munawar and Nauwerk ( 1 33 )  i n  1 970 , wh i c h i s  the  
def i n i t i v e bas e l i ne s tudy i n  Lake Ontari o ,  was based  on compos i te s  of 1 and 5 
m s amp l e s  col l ec ted at up  to 30 even l y  d i s tr i b uted s tat i on s  on a mon th l y  
bas i s .  I n  1 97 2 , Stoermer e t  a l . ( 258 )  col l ec ted mon th l y  s urface ( 1  m )  s amp l e s  
from approx i mate l y  60  l akewi de  s tati ons , and u s ed d i fferent  concen trat i on ,  
i d ent i fi cat i on and b i oma s s  convers i on techn i que s . S i mu l taneou s l y ,  Munawar et 
a l . ( 1 34 )  obs erved month l y  changes  i n  phytop l ankton b i omas s  and  compos i t i on at 
two s tati ons , u s i ng  tec h n i ques  s i mi l ar to the 1 970 s tudy except  that s amp l e s  
were col l ected wi th a 1 0 m i n tegrat i ng samp l er . After 1 972 , there was a l mo s t  
a comp l ete  l ack o f  offs hore phytop l ankton data i n  Lake Ontari o u n t i l 1 98 1 . 
On l y  the  1 975 , 1 977 and 1 978  res u l t s  of Munawar ( 48 ) , based  on 20 m i ntegrated 
samp l e s  col l ected  at three s tat i on s  ( 1 2 ,  4 1 . and 8 1  i n  F i g .  5 5 ) , are 
avai l ab l e .  Even th i s record , howev e r ,  i s  on l y  parti a l l y  comp l ete  a s  no 1 975 
data are avai l ab l e for the  mi d l ake s tati on . 
Two maj or l i mnol ogi ca l  s tu d i e s  were undertaken d u ri n g  1 98 1 -82 : the  
Bi o i ndex  (or  Long-Term B i o l og i cal  Mon i tori ng ) Prog ram of the  Great Lakes 
F i s h eri e s  Re s earch Branch , Canada DFO ; and the LONAS ( Lake Ontari o Nutr i ent  
A s s e s sment  Study) organ i zed by  Dr . D .  Lean , NWRI , Canada DOE . The  Bi o i ndex  
Program ( 55 )  exami ned  phytop l ankton commu n i ty s tructure at  four  s tat i on s  
( 1 2 ,  4 1 . 8 1  and 9 3  i n  F i g .  55 )  week l y  dur i ng 1 98 1  and 1 982 . I n tegrated 
samp l e s ( to 20 m or bottom of the epi l i mn i on ,  whi chever  was l e s s )  were 
col l ec ted and phytop l ankton were en umerated to spec i e s  l ev e l . The LONAS 
program ( 56 )  samp l ed three s tat i on s  approx i mate l y  mon th l y  a l ong a north- south 
tran s e c t  extend i ng from Port Hope , Ontari o to Poi n t  Breeze , New York dur i ng 
1 982 ( Stat i on s  40 1 . 403 and 405 i n  F i g .  55 ) . Detai l ed i dent i fi c at i on and 
en umerati on wa s pe rformed on l y  on the  5 m samp l e .  
Compari son of the  re s u l t s  of these  two s tu d i e s  prov i d e s  an examp l e of how 
d i fferences  i n  samp l i ng ( i . e .  l ocati on , d epth , frequency)  and anal yti c a l  ( i . e .  
taxonomy , s tati s t i ca l  treatmen t )  tec hn i que s  can i n f l uence  conc l u s i on s  of thes e 
s t ud i e s  and , more i mportant l y ,  how they can. affect  the  re l i ab i l i ty of 
h i s tori ca l  compari son s . 
Gray ( 56 )  i d ent i fi ed 1 74 phytop l ankton s pec i e s  a s  part of the  LONAS 
program whi l e  Johan n s son et al . ( 55 )  reported 1 50 spec i e s , d e s p i te  greater 
area l and temporal coverage . Con s i derab l e emphas i s  was p l aced  on common 
spec i e s  ( i . e .  those  wh i c h contri buted to more than 5% of the  total b i oma s s  on 
any occas i on )  i n  t h e s e  s t ud i e s . A compos i t e l i s t of common spec i e s  i s  
pre s e n ted i n  Tab l e  28 . Gray ( 56 )  i d ent i fi ed 49 spec i e s  a s  common wh i l e  
Johan n s son et  a l . ( 55 )  i d ent i fi ed 40 . The  two s tu d i e s , howev er , on l y  agreed 
on 21 of the se  common spec i e s .  Th i s u ndou bted l y  refl ects  the i mpact of 
samp l i ng frequency ,  s tati on p l acement and taxonomi c experti s e .  
The  two s t ud i e s  were a l so i n  con s i de rab l e d i sagreemen t  as  to the  reported 
a l gal  b i omas s .  At the mi d l ake s tat i on ,  Johan n s son et  a l . ( 55 )  reported a 
s easonal l y  wei ghted  mean a l gal  b i oma s s  of 0 . 93 g/m3 i n  1 982 . At an 
equ i va l e n t  s tati on , Gray ( 56 )  determi ned a l gal  b i omas s to be 0 . 43 g/m3 for 
the  same year . Wh i l e  part l y  due  to d i fferent samp l i ng depths  and frequency ,  
th i s d i s crepancy i s  mo s t l y  attri butab l e to the man n er i n  wh i ch  annua l  or 
s easonal  b i oma s s  was compu ted : Gray ( 56 )  u s ed a we i ghted  med i an whi l e  
Johann s s on et a l . ( 55 )  u s ed a week l y  wei ghted average . I f  the  l atter 
techn i qu e  i s  app l i ed to the  LONAS data , a rev i s ed e s t i mate of  0 . 84 g/m3 
re s u l t s , s i mi l ar to that of Johan n s son et  a l . ( 55 ) . The s e  l i mi tat i on s  s hou l d  
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be  kept i n  mi nd i n  the  e n s u i ng  d i s c u s s i on of l ong-term changes  i n  the  
phytop l ankton commun i ty of Lake Ontari o .  
The  s i ng l e mos t  d i s t i n ct i v e  change i n  phytop l ankton i n  Lake Ontari o 
between 1 970 and  1 982 was an apparent  s h i ft i n  tha a l ga l  b i omas s  s easona l  
cyc l e from a u n i modal  pattern , wi th · a  l arge s ummer· max i mum , to a b i modal  curve  
wi th  a we l l -defi n ed s ummer mi n i mum . The  1 970 b i omas s  cyc l e ,  i l l u s trated i n  
F i g .  56 , i s  based  on  the  s tud i e s  of Munawar and Nauwerk ( 1 33 )  who were fi rst  
to  i n corporate both i n ten s i v e  spati a l  and  temporal coverage of the  l ake . 
U s i ng  a l akewi de  average of offs hore s tati ons  ( >25 m) , they obs erved a 
pronoun ced mi d-Augu s t  peak of approx i mate l y  9 . 0  g/m3 . The magn i tude  and  
t i mi n g  of th i s peak at i nd i v i dua l  s tati on s vari ed con s i derab l y .  For examp l e ,  
a mi d-August  peak was obs erved at both a we s tern ( N i agara b a s i n )  and eastern 
( Ki ng ston bas i n )  s tati on but  the  peak was much  l arger ( 7 . 7  v s . 4 . 1  g/m3 ) 
at the  western  s tati on . I n  contra s t ,  at a mi d l ake s tat i on ,  the  s ummer max i mum 
( 6 . 9  g /m3 ) occurred i n  mi d-Octobe r .  Pronounced  spr i ng  max ima were more 
apparent i n  the  n ears hore ( <25  m)  reg i ons  than offshore , averag i n g  
approx i mate l y  60% of t h e  mi d-Au g u s t  peak . At three offs hore ( wes tern , 
mi d l ake , Ki n g s to n )  s tati on s , spr i ng  max i ma were a l l s i mi l ar i n  magn i tude  
( 2 . 1  to 2 . 7  g/m3 ) a l though , agai n ,  the  actual  t i mi ng of the  peak vari ed . 
I t  was not c l ear , ba sed on l i mi ted data avai l ab l e ,  whether  th i s u n i moda l  
s easona l  cyc l e was agai n pres ent  i n  1 972 , d u e  to t h e  l i mi ted s amp l i ng events  
dur i ng  the  year  ( 1 34 , 25 8 ) . 
Becau s e  b i omas s  max i ma and  mi n i ma are tran s i ent  and the  t i mi ng of th ei r 
occurrence  i s  s t ron g l y  dependen t ,  i n  part , on the rate of warmi ng  and cool i ng 
of the  l ake , b i month l y  s amp l i ng at on l y  two or three s tati ons  wou l d  be  
i nadequate to  accurate l y  defi n e  the  s ea sonal  b i omas s  cyc l e .  De sp i te the  
l i mi ted data avai l ab l e ,  though , certai n general  conc l u s i on s  cou l d  be drawn 
about the a l ga l  b i omas s  cyc l e  dur i ng  1 975 , 1 977  and 1 978 ( 48 ) . The wes tern 
and mi d- l ake s tati on s  e x h i b i ted a b i moda l  s easona l  cyc l e  wi th max i ma observ ed 
i n  J une-J u l y  and  September-Oc tober and a mi n i mum i n  Augu s t .  The Ki ng ston 
bas i n  s tati on , w�i l e  exh i b i t i ng  a spr i ng peak i n  Apri l ,  d i d not d i s p l ay a 
we l l -defi ned  s ummer  mi n i mum or fa l l max i mum . 
I n  1 98 1  and 1 982 , weekl y s amp l i ng was und ertaken at four  s tati ons  as  part 
of the B i o i ndex  Program . Three s tati ons  coi n c i ded wi th tho s e  s tud i ed by 
Mu nawar ( 48 )  and thus  l end thems e l v e s  to l ong-term trend i nterpretat i on . The 
fourth s tati on ( 93 ) , l ocated i n  s ha l l ow water ( 1 7 . 5 m)  and wi th i n the 
i nf l uence  of the  N i agara Ri ver , was s ubj ect  to frequent  phys i ca l  pertu rbat i on s  
and , for th i s reason , s amp l i ng a t  th i s l ocati on was ha l ted i n  1 983  and wi l l  
not be  d i s cu s s ed herei n .  
Seasona l  a l ga l  b i oma s s p l ot s  for s tati ons  1 2 ,  4 1  and 8 1  dur i ng  1 98 1  and 
1 982 are pres ented i n  F i g s . 57 , 58 and 59 , respect i v e l y .  Several  features  are 
i mmed i ate l y  obvi ou s .  Both s tati ons  1 2  and 4 1  genera l l y  exh i b i ted b i moda l  
cyc l e s ,  parti c u l ar l y  i n  1 982 . Th i s  cyc l e was somewhat more errati c i n  1 98 1  
a n d  may hav e  refl ected d i fferen ces  between t h e  two years i n  terms o f  t h e  rate 
of spr i ng  warmi ng , whi ch  was more advanced i n  1 98 1  than 1 982 , and mean 
epi l i mnet i c temperature , wh i c h was approx i mate l y  1 0% h i gher  i n  1 98 1  than 
1 982 . A con s equence  of these  d i fferen c e s  was that the average mi x i ng  depth 
was 34% greater i n  1 98 1  than 1 982 , a factor wh i ch  may have contri buted to the 
d i fferences  obs erved between the  two years i n  the  pattern of a l ga l  b i oma s s  
s u c c e s s i on .  
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FIGURE 56. SEASONAL CYCLE OF PHYTOPLANKTON (AS VOLUME) IN THE SURFACE 
WATERS OF LAKE ONTARIO, 1 970. 
Source: Reference (1 33). 
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TABLE  28  
PHYTOPLANKTON SPECI ES CONTRI BUTI NG >5% OF 1 98 1 /82  ANNUAL BIOMASS 
COMMON TO STUDI ES BY 
JOHANNSSON ET A L . a AND GRAYb 
Cryptophyc eae 
D i nophyceae 
Ch l orophyta 
Bac i l l ari ophyceae 
a.  Sourc e : Reference  ( 55 ) . 
b .  Source :  Referen c e  ( 56 ) . 
Rhodomonas mi n u ta 
Cryptomonas erosa  
Cerat i um h i rund i n e l l a  
Gymnod i n i um h e l vet i c um 
Gymnod i n i um s p . 
Peri d i n i um s p . 
Peri d i n i um ac i c u l i ferum 
Ped i a s trum s i mp l ex var . d uodenari um 
Ch l amydomonas s p .  
Cosmari um spp . 
Oocys t i s spp . 
Scenede smu s b i j uga 
Staras trum paradoxum 
As teri one l l a  formosa  
D i atoma e l ongatum 
Fragi l l ar i a c rotonen s i s 
Me l os i ra i s l an d i ca  
Stephanod i s c u s  hantzc h i i 
Syn edra acu s  
Tabe l l ar i a fenes trata 
Tab e l l ari a f l occu l os a  
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SEASONAL CYCLE OF PHYTOPLANKTON BIOMASS IN LAKE ONTARIO, 
STATION 1 2, 1 981 and 1 982. 
Source: Reference (55). 
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FIGURE 58. 
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SEASONAL CYCLE OF PHYTOPLANKTON BIOMASS IN LAKE ONTARIO, 
STATION 41 , 1 981 AND 1 982. 
Source: Reference (55). 
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FIGURE 59. 
STN 81 1981 
















SEASONAL CYCLE OF PHYTOPLANKTON BIOMASS IN LAKE ONTARIO, 
STATION 81 , 1 981 AND 1 982. 
Source: Reference (55). 
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I n  add i t i on to d i fferences  i n  s easonal  pattern , total annua l  b i omas s  was 
con s i derab l y  greater i n  1 98 1  than 1 982 . For examp l e ,  at s tat i on 1 2 ,  
s easona l l y  wei ghted  mean annua l  b i omas s  i n  1 98 1  was 1 . 37  g /m3 , 4 1 %  h i gher  
than i n  1 982 ( 0 . 97 g/m3 ) .  D i fferences  at the  mi d l ake stat i on were  not  a s  
great , averag i ng  1 . 1 4  g/m3 i n  1 98 1  and  0 . 93 g/m3 i n  1 982 . 
The  Ki ngs ton bas i n s tati on d i d not exh i b i t a b i moda l  d i s tr i but i on . An 
ear l y  spr i ng  max i mum i n  March  or Apri l was apparent but the re st  of the year 
was characteri zed by a s er i e s  of mi nor peaks and troug h s  wi th no c l ear l y  
d efi ned  s ummer  mi n i mum o r  fa l l max i mum , s i mi l ar t o  t h e  res u l t s  o f  Munawar (48 )  
for 1 977  and  1 978 . Furth ermore , i n  con tra s t  to the  re s u l t s  of the  mai n l ake 
s tati ons , mean annua l  b i omas s  was s l i gh t l y  ( 4%) h i gher  i n  1 982 than 1 98 1 . 
Th i s emphas i zes  that the  Ki n g s ton bas i n env i ronmen t  i s  q u i te  d i s t i n c t  from the  
mai n l ake and s hou l d ,  i n  future , be con s i dered as  s eparate . 
Trend s  i n  a l gal  b i omass were determi ned  u s i ng  on l y  tho s e  data col l ected 
d u ri ng the  s trati fi ed peri od , as  spr i ng  and fa l l a l gal  b i omas s  i s  pri n c i pa l l y  
a fu nct i on o f  the  effec t i ve  l i ght  reg i me and/or the  s tabi l i ty o f  the  water 
col umn . Re s u l t s  for the three s tati ons  of Munawar ( 48 )  and Johan n s son et a l . 
( 55 ) , as  we l l as  the mi d l ake LONAS s tati on ( 56 ) , are pre s ented  i n  Tab l e 2 9 .  
Note that mean s ummer a l gal  b i oma s s  was roug h l y  twi c e  a s  h i gh i n  1 970 a s  i n  
s u b s equent  years at a l l s tati ons . Re s u l t s  for 1 975 appear margi na l l y  h i gher  
than  tho s e  of 1 977  to 1 982 , but  the  s tat i s t i ca l  s i gn i fi cance  of th i s 
d i fference  cou l d  not be de termi ned . Th e s e  fi n d i ng s  con cur  wi th tho s e  of the  
a l gal  b i omas s  i nd i cators ( ch l � . POC , PON ) , i . e .  there i s  no d i s t i n c t  trend  
apparen t  i n  a l gal  b i oma s s  after 1 974 . 
The  effects  of changi ng troph i c  status  on phytop l ankton can a l so  man i fes t  
thems e l ve s  as  changes  i n  a l gal  c l as s  compos i t i on .  For examp l e ,  red u c t i ons  i n  
tota l P l ev e l s were ac compan i ed by an i n creas e i n  the  percen tage of 
Ch rysophyceae ( 1 35 , 1 4 1 )  and of Cyanophyc eae ( b l ue-green a l gae) , and a decreas e 
i n  Bac i l l ar i ophyceae ( d i atoms ) ( 1 4 1 ) .  D i l l on et a l . ( 1 35 )  fou n d  an i n creas e 
i n  the non b l oomformi ng b l ue-gre ens , but  a decrea s e  .i n the  b l oomformi ng  spec i e s . 
Johan n s son et a l . ( 55 )  compared the average an nua l  percen tage compos i t i on 
of the  a l gal  c l as s e s  i n  the nears hore and mi d l ake areas i n  1 98 1  and 1 982 wi th 
thos e reported for 1 970 and 1 972  and con c l uded  that the on l y  apparent 
s i gn i fi cant changes were an i ncreas e i n  Di nophyceae and a d ec reas e i n  
b l u e-green a l gae i n  the  n ears hore reg i on .  A compar i son of annua l  percentage 
compos i t i on ,  however , wou l d  not be as s en s i t i v e  as  compari ng  percentage 
compos i t i on dur i ng the s trati fi ed peri od ( J u l y  to September)  when effects  of 
i n creas i ng phosphorus l i mi tati on wou l d  mo s t  l i ke l y  man i fe s t  thems e l v e s . 
Con s eque n t l y ,  average compos i t i on was determi ned  from avai l ab l e data for the  
we s tern , mi d l ake and Ki n g s ton ba s i n  s tati ons  ( Tab l e  30) . Con s i d erab l e s h i fts 
i n  a l ga l  c l a s s  domi nance  were apparent . Al l three s tat i on s  exh i b i ted a 
s u b s tan t i a l  i ncrease  i n  the domi nan ce  of d i atoms and d i nofl age l l ates , 
s ugges t i ng a s h i ft to l ower troph i c  cond i t i on s . The proport i on of b l u e-green 
a l gae a l so  dec l i n ed at the se  s tati ons , l e nd i ng credence  to th i s con c l u s i on .  
S i mi l ar to total  b i oma s s  re su l t s ,  changes  i n  domi nan ce  occurred pri mari l y  
betwe en 1 970 and the s u b s equent  samp l i ng year , wi th l i tt l e systemati c change 
taki ng  p l ace  afterward s .  The on l y  marked change d ur i ng  th i s l atter peri od was 
a s u b s tan t i a l  decrease  after 1 978 i n  b l ue-green a l gae at the mi d l ake s tati on . 
and a s l i ght i n creas e after 1 978 i n  chrysophytes  i n  the  Ki ngs ton bas i n .  Th i s 
i n crea s e  may i nd i cate a s h i ft to more me sotrophi c cond i t i on s , a s  the  
Ch rysophyc eae have  been s hown to  be come more i mportant wi th a decreas e i n  
troph i c  s tatus  ( 55 ,  1 36 ) . 
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TABLE 2 9  
CHANGES I N  LAKE ONTARIO PHYTOPLANKTON BIOMAS S , 
1 970 - 1 982 
Phvtoo l ankton B i omas s ( a/ma ) 
Locat i on Year Annua l  Mean Summer Mean 
M i d l ake 1 970 1 . 80 1 . 80 
Stat i on 1 977  0 . 88 1 . 0 1  
1 98 1  1 . 1 5  0 . 55 
1 982 ( Lonas ) 0 . 84 0 . 58 
1 982 ( B i o i n d e x )  0 . 93 0 .  74 
Wes tern 1 970 1 . 57  3 . 2 1 
Stat i on 1 975 l .  1 4  1 . 42 
. 1 977 0 . 97 1 .  1 7  
1 978  - 1 . 07 
1 98 1  1 . 37 1 . 1 7  
1 982 0 . 97 0 . 99 
Ki n g s ton 1 970 1 . 40 2 . 98 
Bas i n 1 975  1 . 32  1 . 3 9  
Stat i on 1 978  1 .  65  0 . 96 
1 98 1  1 .  6 7  0 . 97 
1 982 1 .  73  0 . 97 
Sou rc e :  Referen ce  ( 48 )  except  wh ere i nd i cated . 
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TABLE 30 
CHANGES IN ALGAL COMPOSI TION IN LAKE ONTARIO 
1 970 - 1 978 1 
( as percent  b i omas s )  
Wes tern Stati on U1Q 
2 
1 975  1 977  
Cyanophyta 2 1  5 . 5  1 2  
Ch l orophyta 23 1 9  1 5  
Crysophyta 1 6  4 1 0  
Di atomaceae 0 43 25 
Cryptophyceae 39 20 22  
Di nophyceae 0 1 1  1 6  
3 
Mi d l ake Stati on 1 970 1 972  1 977  
Cyanophyta 26  2 . 5  24 
Ch l orophyta 29 1 9  1 7  
Crysophyta 22 6 . 5  1 2 . 7  
D i atomaceae 
Cryptophyceae 
Di nophyceae 
Ki ngs ton Stat i on 
Cyanophyta 
















22  34 
42 7 
3 4 
1 975  1 976  
9 3 
27  1 2  
9 1 4  
1 9  36  
28  1 0  
9 25  
1 .  Av erage of J u n e  to  September  res u l t s .  
2 .  No September data ; October s u b s t i tuted . 
3 .  No Augu s t  s amp l i ng .  
4 .  No September  or October s amp l i ng .  
5 .  Sourc e :  Referen c e  ( 56 ) . 
Data for 1 970-78 from Reference  ( 48 ) . 
1 978  
7 
7 





1 978  
22 . 5  
2 . 5  
1 9 . 5  
1 0 . 5  
33 . 5  
1 2  
1 978  
5 
25 
1 8  
1 2  
27 
1 3  
1 98 1  1 982 
2 7 
1 4  1 4  
1 1  6 
5 1 6  
43 39 
5 1 7  
1 98 1  1 982 
1 0  7 




22 1 9  
__lW_ 1 982 
7 2 
22 24 
9 1 0  
6 1 1  
34 37 
2 1  1 5  
Data for 1 98 1 -82 from Reference  ( 55 )  except  where i nd i cated . 
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5 
1 982  
6 
1 9  
4 
1 2  
39 
20 
Smi th  ( 1 2 6 , 1 28 )  has  obs erved that , as  the  n i trogen : phos phorus rat i o  
i ncreas e s , there i s  a s h i ft i n  domi nance  from b l ue-green a l gae to green a l gae 
and d i atoms , a l though the magn i tude  of the s h i ft i s  a l so  i nvers e l y  affected by 
l i ght  avai l ab i l i ty .  Wh i l e  Smi th ( 1 28 )  d i d not d i fferenti ate between 
n i trogen-fi x i ng  and non-n i trogen-fi x i ng spec i e s  i n  h i s ana l ys i s ( reason i ng 
that a l l b l ue-greens  are good compet i tors for n i trogen ) ,  pre l i mi nary data 
s ugges ted  that the  d ec l i n e i n  domi nance  was even greater for n i trogen-fi x i ng 
b l u e-green s . In Augu s t  1 972 , S toermer et a l . ( 25 8 )  reported that , of the  
tota l b l ue-green a l gae ( 9% of the total b i omas s ) , near l y  80% contai ned  
h eterocys t s  ( i . e .  were n i trogen-fi x i ng )  wh i l e  there was a comp l ete l ack of 
heterocys t-contai n i ng c e l l s  i n  Augu s t  1 982 ( 1 37 ) . 
Con s i d erab l e i nformati on i s  a l so  avai l ab l e on the  spec i e s  compos i ti on of 
phytop l ankton i n  Lake Ontari o ( 55 , 56 , 1 33 , 1 36 , 1 38 , 1 39 ) . As  prev i ou s l y  
i nd i cated , howev er , the  effects  o f  d i fferent s amp l i ng s trateg i e s , taxonomi s t s , 
etc . become cr i t i c a l  at th i s l ev e l  of taxonomi c resol ut i on , to the  poi nt  where 
conc l u s i on s  based  on spec i e s  compos i t i on ( e . g .  s pec i e s  domi nan c e , d i vers i ty ,  
s i mi l ari ty) are unre l i ab l e .  
An a l ternat i v e  approach u s ed to compare spec i e s  d ata i s  the  i nd i cator 
spec i e s  concept . I nd i v i dua l  spec i e s  ( part i cu l ar l y  d i atoms ) have been 
c l as s i fi ed as  i nd i cat i v e  of vari ou s s tages  of trophy , d epend i ng on thei r 
geograph i c  d i s tri but i on . For examp l e ,  those  spec i e s  found  i n  Sagi naw Bay and 
Lake Eri e ,  but not Lake H uron , were con s i d ered i nd i cat i ve  of eutroph i c  
cond i t i on s , whi l e  tho s e  foun d  on l y  i n  Lake H u ron and /or Lake Superi or 
i nd i cated more  o l i gotrop h i c cond i t i on s . Thos e  spec i e s  wi th  a wi de  geograph i c 
range throughout the  Great Lake s were con s i dered eurytop i c ( i . e .  to l erate a 
wi d e  range of troph i c  cond i t i on s ) . 
Johan n s son et a l . ( 55 )  exami ned  the domi nant d i atom a s s emb l age s for the 
pre s ence  of troph i c  i nd i cator spec i e s  i n  1 970 , 1 98 1  and 1 982 . The spec i e s  
were d efi ned  a s  meso-eutroph i c ,  that i s ,  those  spec i e s  tend i ng toward s 
eutrophy , and meso-o l i gotroph i c ,  tho s e  tend i ng toward s o l i gotrophy , ba sed on 
work i n  the  Great Lakes by Stoermer and  Yang ( 1 40 ) , Munawar and Munawar ( 1 36 )  
and  N i cho l l s  ( 1 4 1 )  ( Tab l e 3 1 ) .  A l though t h e  number  o f  meso-o l i gotroph i c 
spec i e s  has  remai ned  re l ati v e l y  con s tant ov er the  years , varyi ng from 0 i n  
1 970  to 3 i n  1 98 1  and  1 982 , the  number of meso-eutrop h i c spec i e s  ha s  dec l i ned  
from 6 to 9 i n  the  earl i er s t ud i e s  to 4 i n  1 98 1  and 1 982 ( Tab l e 3 1 ) .  The 
rati o of meso-o l i gotroph i c to meso-eutroph i c spec i e s  has changed fro� 0 : 6-2 : 7  
to 3 : 4 ,  s ugge s t i ng  a s l i ght  s h i ft away from the  more eutroph i c  commu n i ty .  
I t  wou l d  appear then  that , wh i l e  a maj or d e c l i ne i n  a l gal  b i omas s  took 
p l ace  i n  Lake Ontari o between 1 970 and 1 975 , i t  has  remai ned  rel ati v e l y  
con s tant  s i nce  that t i me .  Changes that took p l ac e  between 1 975  a n d  1 982 we re 
more s ub t l e ,  i n c l ud i ng s h i fts i n  a l gal  c l as s  compos i t i on and i nd i cator 
spec i e s . The extent  to whi ch  t h e s e  changes  cou l d be  attri buted  to dec l i n e s  i n  
phosphoru s l oad i ngs  or to natural  vari abi l i ty was u n c l ear . 
Zoop l ankton Respon s e  
A s  wi th phytop l ankton , d etermi n i ng l ong-term trends  i n  Lake On tari o 
zoop l ankton was comp l i cated by d i fferen c e s  i n  s amp l i ng s t rategy among 
s tud i e s . For examp l e ,  Pata l a s  ( 1 42 )  determi ned  zoop l ankton d i s tri but i on s at 
month l y  i nterva l s from June to October 1 967 based on net  hau l s from 50 m at 32 
to 62 s tat i o n s . Watson and Carpenter ( 1 43 )  fo l l owed t h i s up wi th month l y  
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TABLE 3 1  
H I STORI CAL D I STRI BUTION O F  I NDICATOR D IATOM SPECI ES I N  LAKE ONTARIOa 
NUMBER OF SPECI ES I N  EACH TROPH I C  CLASS I FI CATION 
MESO- MESO-
Year OLI GOTROPH I C  EUTROPH I C  
1 970 0 6 
1 972  2 7 
1 98 1 - 1 982 3 4 
CLASS I F ICATION OF I NDICATOR SPECI ES 
SPECI ES CLASS I FI CATION REF ERENCES 
SteQhanod i s c u s  n i agarae Meso-Eu troph i c 1 3 6 • 1 40 • 1 4 1 
.$_,_ hantz s c h i i Meso-Eu troph i c  1 36 , 1 40 , 1 4 1 
.$_,_ h.,_  var . QU s i l l a Meso-Eu troph i c  1 36 
.$_,_ ten u i s Meso-Eutroph i c 1 36 , 1 40 
.$_,_ a l Qi n u s  Meso-Eu troph i c  1 40 
.$_,_ a s trea var . mi n u tu l a  Me so-Eu troph i c  1 40 
Me l os i ra b i nd erana Meso-Eu troph i c  1 36 , ) 40 , 1 4 1 
D i atoma tenue  var . e l ongatum Meso-Eu troph i c  1 3 6 
Aster i on e l l a  formosa  Meso-Eutroph i c 1 40 
Fragi 1 ari a caQu c i na Meso-Eutroph i c  1 36 . 1 40 
L_ crotonen s i s Meso-Eutroph i c  1 40 
Mel os i ra i s l an d i ca Me so-Ol i gotroph i c 1 40 
Tabe l l ar i a fen e s trata Meso-Ol i gotroph i c  1 40 
Synedra u l na Meso-Ol i gotroph i c  1 36 
a .  The  c l a s s i fi cat i on of spec i e s  as  be i ng more i nd i cat i v e  of me so-eutrophi c or 
meso-o l i gotroph i c con d i t i on s  i s  based  on work wi th i n the Great Lake s . 
Sourc e :  Reference  ( 55 ) . 
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s amp l i ng from January to Dec ember 1 970 at  33 s ta t i o n s  u s i ng bottom-to- s urface 
hau l s .  Several  s tu d i e s  were carri ed out  d u ri ng  I FYGL i n  1 97 2 . Czai ka ( 1 44)  
examined  i n s hore-offs hore d i fferen ces  of bottom-to� s u rfac e  h au l s throughout 
the  1 972  s eason a l ong the  south s hore , wh i l e  McNaught ( 1 45 )  conducted a s urvey 
s i mi l ar to tho s e  i n  1 967 and  1 970 u s i ng both 50 m-to-s u rfac e  and  
5 m-to- s u rfac e  hau l s .  Dur i ng  the LONAS program i n  1 982  ( 1 46 ) , vert i c a l  hau l s 
were taken month l y  from 2 m above the  bottom at three s tat i on s  a l ong a 
north-south mi d l ake tran s e ct  ( s ee F i g .  5 5 ) . As  part of the  B i o i ndex  Program 
i n  1 98 1  and 1 982 , zoop l ankton s amp l i ng was cond u c ted week l y  between March and  
November-December at the  fou r  s tat i on s  s hown i n  F i g .  55 , wi th vert i c a l  h au l s 
from 20 m or 1 m above the  top of the  thermoc l i ne ( i . e .  ep i l i mn et i c s amp l i ng ) , 
wh i chever  was l e s s  ( 1 47 ) . A l l s tud i e s  u s ed fi n e-me s h ed nets , b u t  the  d epth  of 
net hau l s and s tat i on p l ac ement  d i ffered s u b s tant i a l l y .  The l atter  can be 
ov ercome by compari ng re s u l t s  on a regi ona l or equ i valent  s tat i on  bas i s ,  b u t  
t h e  former c a n  l ead t o  l arge d i fferences  i n  res u l t s  d u e  t o  the  d i urna l  
mi grat i on patterns  d i s p l ayed by many zoop l ankton s p e c i e s . 
Pata l a s  ( 1 42 )  determi ned  that , at l ea s t  d ur i ng  s trat i fi cat i on , 90% of the  
popu l at i on of  mos t  s pec i e s  was  restr i cted to  the  uppermo s t  50 m of the  water 
col umn . Con s equen t l y ,  tho s e  s tud i e s  whi ch  emp l oyed bottom-to-s u rfac e  or 0-50 
m tows are d i rec t l y  comparab l e .  Epi l i mnet i c ,  0-20 m and 0-5 m hau l s ,  however , 
wou l d  u n l i ke l y  s amp l e a l l spec i e s wel l ( 1 47 ) . Johann s son et  a l . ( 55 )  
sugges ted that , of tho s e  spec i e s  wh i ch wou l d  b e  s eri ou s l y  undere s t i mated by 
s ha l l ow s amp l i ng ( L i mnoca l anus  macruru s ,  Di aptomu s s i c i l i s ,  Q .  oregon en s i s ,  Q .  
mi n u tu s , Eu rytemora affi nu s ) , on l y  one  ( Di acyc l ops thoma s i ) contri bu ted 
s i gn i fi cant l y  to total zoop l ankton b i omas s .  By compari ng res u l ts of the  LONAS 
and B i oi ndex  Programs , Johan n s son ( 1 47 )  demon s trated that adj u s t i ng  B i o i n dex  
res u l t s  for th i s spec i e s  by a factor of  3 . 1  wou l d  permi t compari sons  wi th 
h i s tori ca l  d ata . 
From the se  compari son s , i t  was evi dent  that zoop l ankton commu n i ty 
s tru cture i n  1 98 1  and  1 982 wa s s i mi l ar to that observed i n  the  l ate  1 960s and 
ear l y  1 970s and  appeared characteri s t i c of popu l at i on s  und ergoi n g  i nten s e  
s i ze-s e l ect i ve fi s h  predat i on ( i . e . domi nated by smal l s pec i e s )  ( 1 46 , 1 47 ) . No 
s h i ft occu rred i n  the re l at i ve  domi nan ce  of the common spec i e s  s i n ce 1 967 , 
wi th the  c l adoc erans  Bosmi na  l ongi ros tri s ,  Daph n i a retrocu rva , Ceri odaph n i a 
l ac u s tri s ,  and  Eubosmi na coregon i  and t h e  cyc l opoi d s  D i acyc l ops thoma s i  and  
Trophocyc l ops pras i nu s  mex i can u s  contri but i ng  greater than 1 %  o f  t h e  
s easona l l y  we i ghted  mean b i oma s s  ( SWM ) ( 1 47 ) . Average s u mmer zoopl ankton 
abundan c e  ( J u n e-Oc tober ) ,  on the  other hand , appeared to have vari ed  g rea t l y  
between 1 967 a n d  1 982 , a l though t h e  re s u l t s  o f  Johan n s son ( 1 47 )  a n d  Tay l or e t  
a l . ( 1 46 )  d i ffer i n  the i r i nterpretati on . Johan n s son ( 1 47 )  d etermi ned  that 
mi n i mum abundance was  obs erved i n  1 970 and  1 972  ( 1  x 1 0 6 i nd i v i d ua l s /m2 ) ,  
s i m i l ar to the  conc l u s i on s  of Watson  ( 1 48 ) , wh i l e  max i mum l ev e l s of 3 x 1 0 6 Jm2 
were found  i n  1 967 and 1 982 ( F i g .  60) . However , th e s e  d i fferences  were not 
con s i dered s i gn i fi cant  but , rather , were attri butab l e to d i fferences  i n  
s amp l i ng frequ e n c i e s  between s t u d i e s . Abundance  i n  1 98 1  was i ntermed i ate  at 2 
x 1 0 6 i nd i v i d u a l s /m2 . Tayl or et  a l . ( 1 46 ) , i n  compari ng 1 970 wi th  
1 982 data , obs erved no  marked d i fferen c e  i n  abundance  between years . Agai n ,  
the l ack of agreement  i n  i nterpretat i on probab l y  refl ected  d i fferences  i n  the  
s amp l i ng d e s i gn  of  the  l atter programs , whi ch were  n e i ther  con s i s tent  wi th 
each other nor wi th  h i s tori ca l  s t u d i e s . 
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The reduced  abundance  i n  1 98 1  re l at i ve to 1 982  contrad i cts  the  fi n d i ngs  of  
Pata l as ( 1 42 , 1 49 )  who d emons trated trrat max i mum annua l  zoop l ankton abundance  
i n  Lake Ontari o i n  1 969  �as  d i rec t l y  proporti ona l  to  the  maxi mum h eat con ten t 
i n  the  0-25 m l ayer . As  reported i n  Chapte r  3 ( page 36 ) , water  temperatures 
and  average ep i l i mn i on th i ckn e s s  i n  1 98 1  were con s i s tent l y  greater than i n  
1 982 throughout t h e  strat i f i ed p eri od . On th i s b a s i s ,  one  wou l d have expected 
greater zoop l an kton abundance i n  1 98 1 . I n s tead , a l l fou r  B i o i ndex  s tat ion s  
e xh i b i ted  s ome i nc rea s e  i n  abundance  from 1 98 1  to  1 982 , wi th the  l arge s t  
i ncrea s e  noted i n  t h e  western  e n d  of  t h e  l ake  ( s ta t i o n s  1 2  a n d  93 ) , d e s p i te 
the  s ea sona l l y  averaged s urface  temperature  be i n g  approx i mate l y  2 co l ower i n  
1 982 ( 1 47 )  ( Ta b l e 32 ) . Th i s i nc reas ed abundan c e  was p ri mari l y  attri butab l e to 
�. l ongi rostri s ,  whi c h  exh i b i ted the  l arges t  and  mos t  con s i stent  i ncrea s e  at 
stati o n s  1 2 ,  41  and 93 , a l though �. thomas i exh i b i ted a marked i ncrease  at 
stat i on 8 1 . Other  spec i e s  (�.  l acustr i s ,  �.  coregon i )  s howed l i tt l e l akewi de  
c hange , a l though � .  retrocurva and  I .  Q .  mex i canus  dec l i ned  s u b s tant i a l l y  at  
s tat i on s  1 2  and  8 1 , respect i v e l y .  
I t  i s  pos s i b l e ,  a s  s ugges te� b y  Evan s a n d  Jude  ( 1 52 )  for Lake M i c h i gan and  
by Tayl or et  a l . ( 1 46 )  for Lake Ontari o ,  that i nvertebrate predat i on ,  
e spec i a l l y  by t h e  cyc l opoi d copepod � .  thoma s i  and by Mys i s re l i ct a ,  may have 
i ncreased  due  to a re l axat i on i n  a l ewi fe predat i on . The s e  s pec i e s  feed more 
e ffi c i ent l y  on the  smal l er zoopl ankton spec i e s  and  may have contri buted to the 
observed d i fferences  betwee n  1 98 1  and  1 982 . 
Johann s son  et  a l . ( 55 )  s ugges ted that the  extreme abundan c e  of � .  
l ongi rostr i s may have been  a respon s e  to reduced competi t i on wi th � .  
retrocu rv a ,  a s p ec i e s  whi ch  d i d appear to  s how a d i rect  re l at i o n s h i p wi th 
temperature . The  r e l ati v e  i ncrea s e  i n  Daph n i a gal eata mendotae i n  1 982 
suggested  that a reduc t i on  i n  predat i on pre s s ure  from a l ewi fe cou l d  a l so have 
l ed to t h i s i nc r ea s e  ( 55 ) . Th i s  l arge r  daphn i d  i s  heav i l y  predated on by 
a l ewi fe and ,  a l though not a common s pec i e s ,  has been  s hown to exh i b i t an 
i ncrea s e  a s  a l ewi fe  popu l at i o n s  d e c l i ne ( 1 5 1 ) .  McNaught ( 1 45 ) , howev e r ,  noted 
that both �. l ongi rostri s and � .  retrocurv a  a r e  re l ati v e l y i mmun e  t o  fi s h  
predat i on due  t o  the i r smal l s i ze ,  a conc l u s i on s upported by Evan s ( 1 5 1 )  i n  
Lake M i c h i gan . Con s equent l y ,  the  extent  to wh i ch the i r d i s tri but i on and 
abundance  wi l l  be  d i rect l y  determi ned  by a l ewi fe predat i on i s  probab l y  l i mi ted . 
F rom 1 967 to 1 98 1 , more than 27 mi l l i on fi s h ,  i nc l ud i ng l ake trou t and  
coho and  c h i nook s a l mon , have  been  p l anted i n  Lake Ontari o by  vari ous  
fi s heri e s  management  agen c i e s .  In  1 98 1  a l one , 4 . 5  mi l l i on fi s h  were s tocked 
( 1 53 ) . Worker s  i nv e s t i gati n g  the  effects  of  reduced p l ankti vory ( refl ect i ng 
i nc reas i ng numbers  of predaceous  fi s h )  found  that reduct i ons  i n  p 1 ankti vorou s 
fi s h  l ed to i ncrea s e s  i n  zoop l ankton body we i ght , numer i c a l  i ncreases  i n  
c l adoce ran s and  s h i fts to l arger herbi vorous  zoop l ankton ( e . g .  Daphn i a  s pp . )  
( 1 54- 1 56 ) . I n  s ome s tud i e s ,  thes e  changes  were accompan i ed by l arge decreas�s 
i n  a l ga l  b i oma s s , i n  res pon s e  to the  i ncrea s ed herbi vory ( 1 55 ,  1 56 ) , wh i l e  
others  noted a s h i ft to h i gher  a l ga l growth rate s  and sma l l er ,  faster-growi ng 
spec i e s  ( 1 57 ) . There has  been  l i tt l e sys temati c change i n  e i ther zoop l ankton 
or phytop l an kton commun i ty s tructure or b i omas s ,  and zoop l ankton commun i t i es  
i n  Lake  Ontari o conti n u e  to  be  domi nated by smal l er spec i es  that are  
re l at i v e l y  i mmune to  fi s h  predat i on .  Con s equen t l y ,  i t  can  be  con c l uded  that 
zoop l ankton popu l at i on s  i n  Lake On tari o  hav e e xh i b i ted l i tt l e sys temat i c 
change  attri butab l e  to the  s a l mon i d  s tocki n g  program and that a l ewi fe 
predat i on  conti n u e s  to be the predomi nant  contro l l i ng factor . 
- 1 44 -

























WL - whole lake 
BLS • blolndex locations 
SSS - south shore locations 
E - eastern region 







AVERAGE ABUNDANCE OF ZOOPLANKTON (JUNE TO OCTOBER).FOR STUDIES 
FROM 1 967 TO 1 982. 
Source: Reference (147). 
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SWM ft . 
Year Stn B i oma s s  l ono i rostri s 
1 98 1  1 2  0 . 868 1 1 9 . 9  
26 . 3 1 
4 1  1 .  001 1 49 . 2  
28 . 3  
8 1  1 .  7 1 1 1 84 .  1 
20 . 4  
93 1 .  023 260 . 9  
48 . 1 
1 982 1 2  2 . 1 20 727 . 4  
65 . 2  
41  1 . 427 28 1 . 3  
37 . 5  
8 1  2 . 22 6  1 89 . 1  
1 6 .  1 
93 1 .  867 757 . 9  
77 . 1  
Wei ght  per I n d i v i dua l  (}lg )  2 1 . 9 
TABLE 32 
SEASONALLY WEIGHTED MEAN ( SWM ) ZOOPLANKTON COMMUNITY 
BIOMASS  ( g/m2 ) AND SPECI ES DENSITI ES ( N o .  x 1 0 3 fm2 ) 
OF PRI NCI PAL SPECI ES I N  LAKE ONTARIO 
Soec i es 
Q .  c . � .  D .  I .  12 ·  
1 acustr i s thomasi retrocurva coreooni mexican us 
32 . 0  8 . 2  4 . 4  26 . 2  1 7 .  1 
1 5 . 5  1 . 8 1 . 1 9 . 7  3 . 4  
24 . 9  8 . 0  5 . 8  52 . 1  1 6 . 3  
1 0 . 5  1 . 5 1 . 3 1 6 . 7  2 . 8  
87 . 9  22 . 3  33 . 9  57 . 1  45 . 7  
2 1 . 6  2 . 5  4 . 4  1 0 . 7  4 . 5  
32 . 1  1 4 . 5  3 . 3  1 5 . 4  1 0 . 4  
1 3 . 2  2 . 7  0 . 7  4 . 8  1 . 7 
1 6 .  1 1 . 8 3 . 0  33 . 9  1 . 9 
3 . 2  0 . 2  0 . 3  5 .  1 0 .  1 
52 . 2  25 . 9  6 . 9  36 . 6  6 . 7  
1 5 . 4  3 . 4  1 . 1 8 . 2  0 . 8  
1 2 6 .  1 30 . 8  43 . 8  1 1 9 . 7  1 6 . 0  
23 . 8  2 . 6  4 . 3  1 7 . 2  1 . 2 
1 1 . 6 1 6 . 6  3 . 0  1 8 . 5  2 . 2  
2 . 6  1 . 7 0 . 4  3 . 2  0 . 2  
4 . 2  1 . 9 2 . 2  3 . 2  1 . 7 
Cyc l opoi d Cyc l opoi d 
cononed i te s  naunl i i  
1 8 1 . 5 1 1 2 . 4 
39 . 7  2 . 6  
1 9 1 . 8 1 2 9 . 8  
36 . 4  2 . 6 
301 . 5  209 . 5  
33 . 5  2 . 4 
1 36 . 5  1 6 1 . 5 
25 . 3  3 . 2 
28 1 . 5  66 . 9  
25 . 2  0 . 6  
243 . 4  88 . 9  
32 . 4  1 . 2 
393 . 9  1 1 8 . 3 
33 . 6  1 . 1 
1 38 . 0  65 . 7  
1 4 .  1 0 . 7  
1 . 9 0 . 2  
1 . Per��ntage of the total  b i omas s  contri buted by each s p e c i e s . Total b i omas s e s  were ca l c u l ated on l y  from the s e  
speci es  a n d  wi l l  underest i mate total s amp l e b i omas s by 0 . 6  to 2 . 4% .  
2 .  We i ghts  are e st i mates of adu l t body s i ze ,  taken from Reference  ( 1 50 ) , and  are pres ented sol e l y  to i l l u s trate 
the re l at i v e  s i ze of the spec i e s . 
Sou rc e :  Reference  ( 55 ) . 
Nears hore Respon s e  
I t  wou l d  b e  expected that nears hore water  qua l i ty wou l d  i mprove a t  a 
greater rate than offs hore d u e  to the  n ears hore-offs hore grad i ent  e v i d e n c ed i n  
the  l ake . Phosphorus trend s  i n  the  four  n ears hore zon e s  d e s c r i b ed earl i er i n  
th i s c hapter confi rm th i s ,  e xh i b i t i ng a rate of decrease  greater than that of 
the mi d l ake regi on ( F i g .  6 1 ) .  Determi n i ng a c c u rate trend s  i n  waters  
cont i guou s wi th the  s hore l i ne i s  comp l i cated by phys i c a l  proc e s s e s  that 
domi nate t h i s reg i on ( i . e .  coas tal  j et s , upwe l l i ng s , thermal  bar format i on ) . 
B l anton ( 1 58 )  determi ned  that the  n ears hore waters  cou l d  re spond  to changes  i n  
wi nd  d i recti on wi th i n s i x hours , c reati ng a h i g h l y  dynami c env i ronment . For 
th i s rea son , i t  was i mpos s i b l e to d etermi n e  the prec i s e  rate of change  of  
tota l P concentrat i on s  at  mos t  of the  n ears hore s tati o n s  s amp l ed i n  
conj u n c t i on wi th  the  annua l  three- cru i s e  spr i ng prog ram . I n  many i n s tanc e s , 
d i fferenc e s  among s tat i on s  wi th i n a pres cr i bed zon e  and  d i ffere n c e s  between  
s amp l es taken a few days apart at a s i ng l e s i te were  a s  l arge a s  annua l  
change s . 
The h i gher  ( i . e . week l y )  frequency of s amp l i ng at s e l e c t  water i ntakes  
a l ong the Canad i an s hore of Lake Ontari o prov i ded  s u ff i c i ent  tempora l  cov erage 
to ov ercome the  d i ffi c u l t i e s as soc i ated wi th mon i tori ng  i n  th i s regi on . Th i s 
s amp l i ng has  been  carri ed out by Ontar i o  MOE at fi v e  mu n i c i pa l  water  treatment  
p l ants , i n  some cases  s i n c e  1 967 . Howev er , ana l yti c a l  methodo l ogy changes  
were such  that  on l y  d ata co l l e cted after 1 97 6  are  con s i d ered compati b l e .  
Stati s t i c a l l y  s i gn i fi cant  d e c l i n e s  were obs erved i n  total  P con centrat i on s  
a t  the South Pee l ( 0 . 9  �g / L• a )  a n d  Ki n g s ton ( 2  �g / L • a )  i ntakes ( F i g .  
62 ) . A s i gn i fi cant  d e c l i n e of 1 �g / L • a  was a l so  s een  at Cobou rg , whi l e  a 
s i gn i fi cant  i ncrease  of 3 . 5  �g / L• a  �as ob s erv ed at Gri msby ; however , on l y  
fou r  years of data were ava i l ab l e at these  two s i te s . Data co l l ected  from . 
1 97 9  to 1 983 at the  Toronto R .  L .  C l ark p l ant s howed no s i gn i f i cant  trend i n  
·tota l P concentrati on ( 1 59 ) . 
No s tati s t i c a l l y  s i gn i fi cant  trends  over the 8-year peri od of obs ervat i on 
were found  for N03 ( i n  contra s t  to offshore waters ) or s i l i c a ,  a l though 
the .  s easona l  ( wi th i n-year)  peri od i c i ty of both nutr i ents  was extreme l y  we l l 
def i ned  ( F i g .  63 ) . N03 l ev e l s were h i ghest  dur i ng l ate wi nter-ear l y  
spri ng and  d ec l i ned  to the i r annua l  mi n i ma by l ate s ummer-fa l l .  S i l i ca was 
con s i s tent l y  h i g h e s t  du r i ng  l ate s ummer and l owe s t  dur i ng  the spr i n g  
phytop l ankton growth per i od ( 1 59 ) . 
De s p i te decreas i ng l ev e l s of phos phoru s ,  no s tati s t i c a l l y  s i gn i f i cant  
trend s  i n  tota l phytop l ankton d en s i ty ( not b i omas s )  at  any of the  Lake Ontari o 
i ntake s was obs erved . N i cho l l s  and  Hopki n s  ( 1 59 )  attri buted  the  l ack  of 
respon s e  to nutr i ents  oth er than phos phoru s ,  e spec i a l l y  s i l i ca and perhaps  
n i trogen , wh i c h were at l i mi ti ng  �oncen trat i o n s  dur i ng  the  s umme r .  On l y  
conti n u ed red u c t i ons  i n  phos phoru s l oad i ngs , to bri ng  i t s concentrat i on down 
to l i mi t i ng l ev e l s ,  wou l d  be expected to re s u l t i n  a corre s pon d i ng respon s e  i n  
phytop l ankton . The  fac t  that phytop l ankton den s i t i e s  were con s i d ered a s  
a n n u a l  averages , howev e r ,  may have ob s c u red any trend . Furthermore , a s  i n  the 
offs hore waters , a respon s e  of n ears hore phytop l ankton to reduct i on s  i n  
phos phorus may have been  man i fes ted i n  a l e s s  dramat i c fas h i on ,  s u c h  as  s h i fts  
i n  a l ga l group domi nance  or commu n i ty s tructure , changes that wou l d  not 
n ec e s s ar i l y  be  ref l e c ted i n  annual  average d e n s i ty .  
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TRENDS OF TOTAL PHOSPHORUS FOR THE THREE NEARSHORE ZONES AND 
THE KINGSTON BASIN ZONE. 
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FIGURE 62. TREND OF MONTHLY MEAN TOTAL PHOSPHORUS BASED ON WEEKLY 
SAMPLING BETWEEN 1 976 AND 1 983 AT THE SOUTH PEEL AND KINGSTON 
WATER INTAKES. 
Source: Reference (1 59). 
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FIGURE 63. MONTHLY MEAN CONCENTRATIONS (mg/L) OF (a) NITRATE + NITRITE AND (b) 
SOLUBLE REACTIVE SILICA IN SAMPLES COLLECTED WEEKLY AT THE 
KINGSTON WATER INTAKE. 
Source: Reference (1 59). 
1 983 
I n  con tra s t  to n ears hore phytop l ankton res u l ts ,  C l adophora has re sponded  
favourab l y  to phosphoru s l oad red u c t i ons . S i n c e  the  mi d 1 950s , exten s i v e 
b l ooms of t h i s fi l amentou s a l ga have c reated prob l ems a l ong the  Lake Ontari o 
s hore l i ne .  Large odori ferous  mas s e s  of decayi ng C l adophora are frequent l y  
was hed up onto s hore by s torm events  dur i ng  the  s ummer growi ng  s eason . The  
d ecayi ng  C l adophora i s  aesthet i ca l l y  unpl easant for s hore l i n e act i v i t i e s  and 
s hore l i n e property owners  and has been i mp l i cated i n  tas te and odour events i n  
dr i nki ng  water s upp l i es .  C l adophora growth i s  regu l ated by a comb i nati on of 
env i ronmental  factors i n c l u d i ng l i ght , temperature and phosphate avai l ab i l i ty 
( 1 60 ) . C l adophora grows attac hed to rocky s u b s trate s , so the  exten s i v e  
bedrock s h e l f i n  Lake Ontari o from Bur l i ngton t o  Toronto can  c reate mas s i ve 
accumu l at i on s  of C l adophora b i omas s  ( 1 6 1 ) .  
Cl adophora b i omas s  and t i s s ue  phosphoru s were samp l ed at s ev en s i tes  i n  
Lake Ontari o i n  1 972 , wh en  phos phoru s concen trat i on s  were n ear the i r max i mum , 
as  part of the act i v i t i e s  for I FYGL . Fol l owup s tu d i e s  were u n d ertaken i n  J u l y  
1 982 and from mi d-J u n e  to mi d-J u l y  1 983 by Canada DOE a t  a l l s ev en s i tes  
(Oakv i l l e ,  Wh i tby ,  Cobou rg , Pre s qu • i l e ,  Pt . Petre , Bath and Emeri c Pt s . ,  F i g .  
64 ) to determi n e  i f  phos phoru s control  programs were effec t i v e  i n  reduc i ng 
Cl adophora s tand i ng crop or t i s s ue  phos phoru s l ev e l s ( 1 6 1 ) .  Con s i s tent  
samp l i ng method s were  mai ntai ned  between  a l l years . Samp l e s  were  co l l ected  i n  
tri p l i cate from 0 . 5 ,  1 . 5 ,  3 . 0  and 5 . 0 m .  
T h e  Poi nt  Petre s i te i s  q u i te remote a n d  probab l y  respood s t o  open l ake 
nutr i ent cond i t i on s . The other l ocati ons  are nears hore s i tes  i n f l u e n c ed by 
ons hore nutr i ent l oad i ng ,  whi c h  e l evates the nears hore phosphate 
concen trati 6n s T e l ati v e  to the open l ake con centrati on s .  The Wh i tby and  
Oakv i l l e s i tes  are  affec ted by the  l arge popu l ati on centres  from Oshawa to 
Hami l ton . The Bath s i te i s  affected by a l oca l  STP and  the  Emeri c Poi nt  s i te 
by the  outfl ow from the  Bay of Qu i n te . 
Stud i e s  wer.e a 1 so conduc ted by On,tari o MOE from 1 98 1  tO. 1 983 . The i n tent 
wa s to e s tab l i s h the  s amp l i ng frequency nece s s ary to accurate l y  reso l v e  
s easona l patterns  i n  C l adophora growth and growth-contro l l i ng fac tors and to 
u s e  th i s i n format i on as  a meas u re of confi dence  for i nterpret i n g  h i s tori c a l  
data . For t h i s reason , samp l i ng was restri cted to on l y  o n e  s i te (Oakv i l l e ) 
but  was conduc ted  week l y  i n  1 98 1  and twi ce  week l y  from J u n e  to Augu s t  i n  1 982  
and 1 983 ( 1 62 ) . 
Pai nter  and Kamai t i s ( 1 6 1 )  reported that s u b s tanti a l  red u c t i on s  i n  
s tand i ng crop ( as dry we i gh t )  betwe en 1 972 and 1 982-83 were obs erved at a l l 
s i tes , exc ept Oakv i l l e .  The l arge s t  d e c l i n e was noted at Emeri c Pt . on the  
south s hore of Amhers t I s l and  i n  the Ki ngston bas i n  ( F i g .  65 ) . Stan d i ng  d ry 
we i ght , averaged on a l akewi de  bas i s ,  was 205 . 8 ,  80 . 0  and 85 . 9  g/m2 for 
1 972 , 1 982 and 1 983 , respec t i v e l y ,  or , i n  other word s , a 58% decreas e .  The 
1 982 and 1 983 data compared wel l even though the  1 982 data were based  on on l y  
one samp l i ng date at the  s even  s i te s . Compari son of the  s tand i ng c rop among 
s tat i on s  i nd i cated that no def i n i te geograph i ca l  trend s  for Cl adophora b i oma s s  
a l ong t h e  Lake On tari o s hore l i n e were apparen t .  The s tand i ng c rop of 
C l adophora present  at any one t i me ,  howe�e r ,  i s  dependent  not on l y  on growth 
rate but  on s torm events  that can comp l ete l y  s cour the bottom . Data 
i nterpretati on , therefore , mu s t  be  tempered wi th an u nder stand i ng of the  
factors contro l l i ng s tand i ng crop , as  i l.l u s trated by the  On tari o MOE s tu d i e s . 
I t  was found  that C l adophora s tand i n g crop ex h i b i ts a rapi d i n c rease  i n  J u n e , 
fo l l owed by a maj or s torm-i nduced s l ough i ng event ( between ear l y  J u l y  and 
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FIGURE 65. YEARLY AVERAGE STANDING CROP OF CLADOPHORA FOB 1 972, 1 982 AND 
1 983. 
Source: Reference (1 61 ) .  
ear l y  Augu s t ) , and a per i od of mi n i ma l  regrowth l as t i ng  i n to September . 
Therefore , u n l e s s  s amp l i ng frequency i s  greater than the frequency of s torm 
events , there i s  no guarantee that 11 peak 11 s tand i ng c rop , or s easona l  
deve l opment  i n  general , wi l l  be accurate l y  dep i c ted . I t  was t h u s  conc l uded 
that twi c e  week l y  s amp l i ng was  the mi n i mum frequ ency n e c e s s ary to e n s u re an  
acc urate reso l ut i on of s easona l  deve l opment  ( 1 62 ) . 
A more re l i ab l e mea s u rement wi th whi ch  to eva l uate year l y  and  s tati on-to­
s tati on d i fferen c e s  i s  t i s s u e  phosphorus  l ev e l s ,  becau s e  i t  exh i b i ts l e s s  
week l y  vari ance  than does s tand i ng  c rop ( s ee  F i g .  6 6 ) . Seasonal  average s  of 
ti s s u e  phosphoru s are pres ented i n  F i g .  67 . The  t i s s u e  phosphoru s content i s  
expre s s ed on an a s h-free , dry-we i ght  (AFDW )  bas i s to ac count for s easona l  and 
year-to-year vari at i on s  i n  ash conten t .  T i s s u e  phos phorus l ev e l s have been 
s u b s tant i a l l y  redu ced between 1 972  and 1 983 ( 1 6 1 ) .  At a l l l ocat i ons , the  1 983 
ti s s ue  l ev e l s were l e s s  than the 1 972 concen trati on s . The 1 972  l akewi de  
average t i s s u e  phosphoru s 0 . 49% (AFDW)  and  the  1 983 l akewi de  average 0 . 20% 
CAFDW) , a 59% red u c t i on over the  e l even-year i n terval . W i th the  e x c ept i on of 
the Pre squ ' i l e  s i te ,  the 1 982 data are comparab l e  to the 1 983  l ev e l s ,  wi th a 
l akewi de average t i s s u e  phos phoru s of 0 . 2 6% CAFDW) , i nd i cat i ng  that the  
nears hore zon e of Lake On tari o has  i mproved mu c h  more i n  a re l at i v e  s e n s e  than 
the open l ake . 
The effec t of s amp l i ng frequency on t i s s u e  phos phoru s res u l t s  i s  ev i dent  
wh en compari ng  the  re s u l ts of Pai nter and Kamai ti s ( 1 6 1 )  wi th tho s e  of Ontari o 
MOE at the Oakv i l l e  s i te .  Pai nter  and Kamai t i s ( 1 6 1 )  found  that t i s s u e  
phosphorus  l ev e l s i n  1 983 were margi na l l y  h i gher than i n  1 982 , whi l e  Ontari o 
MOE re s u l ts  i nd i cated that i n ternal  phos phoru s concen trat i on s  i n  1 983  were 
approx i mate l y  ha l f tho s e  i n  1 98 1  and 1 982 . Nev erth e l e s s ,  d e s p i te the frequent 
s amp l i ng of Ontari o MOE i n  1 98 1  to 1 983 , i n ternal  phosphoru s con centrat i ons  
dur i ng  th i s peri od d i d not approac h  those  obs erved i n  1 97 2  and , con s i deri ng  
the mag n i tude of c hange reported by Pai nter  and Kamai t i s ( 1 6 1 ) ,  the i r 
conc l u s i on s  appear va l i d .  
Both s t ud i e s  agree that , on the bas i s of t i s s u e  phosphoru s l ev e l s ,  amb i ent 
phos phoru s conc entrat i on s  are approac h i ng , or are at a cr i t i c a l  s tage so that 
conti n ued redu c t i ons  wi l l  i n c reas i ng l y  reduce  the annua l  yi e l d  of C l adophora . 
To i l l u s trate th i s poi n t , Pai nter  and Kamai t i s ( 1 6 1 )  app l i ed the  Droop c u rv e  
re l ati ons h i p  between n e t  spec i fi c growth a n d  t i s s ue  phosphorus  ( 1 60 )  t o  the  
1 972 and 1 983 ti s s u e  phos phoru s re s u l ts  (as  l akewi de  av erage s  and  s tati on  
mean s ; F i g .  68 ) . The 1 972 t i s s ue  phos phorus data  were s i tuated on the  p l ateau 
of the curv e , i nd i cati ng  that phosphorus  was not l i mi t i ng growth of C l adophora 
i n  the ear l y  1 970s . The 1 983 t i s s u e  phos phorus data are a l l l oc ated on the  
des cending  porti on of the cu rve , i nd i cati ng  that phos phoru s i s  l i mi t i ng growth . 
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FIGURE 66. WEEKLY CHANGE IN STANDING CROP AND TISSUE PHOSPHORUS 
CONCENTRATION OF CLADOPHORA, 1 981 TO 1 983. 
Source: Reference (1 62). 
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FIGURE 67. SEASONAL AVERAGES OF TISSUE PHOSPHORUS CONCENTRATIONS OF 
CLADOPHORA FOR 1 972, 1 982 AND 1 983. 
Source: Reference ( 161 ) .  
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FIGURE 68. TISSUE PHOSPHORUS CONCENTRATIONS OF CLADOPHORA IN 1 972 AND 1 983 
IN RELATION TO THE AUER-CANALE NUTRIENT-GROWTH MODEL 
Source: Reference (1 61 ) . 
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5 Toxic Substances 
I n  the  1 969  Lake Ontari o Water Po l l ut i on Board report , on l y  pas s i ng 
ment i on was mad e  of pers i s tent  tox i c s u b s tances  i n  the  l ake , wh i ch ref l ected 
the  c urrent s tate of knowl edge . Awarene s s  of the  s i tuat i on d i d not i mp rove 
marked l y  over the  next  few years , a s  ref l ected  i n  the  s p e c i fi c wat�r qua l i ty 
obj ec t i v e s  for pers i stent  organ i c  contami nan t s  of the  ·1 972 Agreement : 
11 Per s i s tent  p e s t  control prod u c t s  and  other  pers i s tent  organ i c contami nants  
that  are  tox i c or harmf�1 to human , an i ma l  or aquat i c l i fe s hou l d be  
s u b s tant i a l l y  absent  i n  the  waters  .. . For metal s ,  the  obj ec t i v e  read', 1 1The 
aquat i c e nv i ronment  s hou l d be  free from s u b s tanc e s  attr i butab l e to mun i c i pa l . 
i nd u s tr i a l  and  other d i s charges  i n  concentrat i ons  that are tox i c or harmfu l to 
human , an i mal or  aquat i c l i fe .. . No n umeri ca l  obj ec t i v e s  were g i v e n  for any 
s p ec i fi c  compound . 
Our i n i t i al awarene s s  of the  extent  and magn i tude  of the  organ i c 
contami nant  p rob l em i n  the  Great Lakes  was f i r s t  afforded by Kei th  ( 1 63 ) , who 
reported breed i ng fai l ures  i n  herri ng  g u l l s  contami n ated  by DDT i n  Lake 
M i c h i gan . I n  1 97 4 ,  Gi l bertson reported ( 23 6 )  s evere  reproduc t i v e  fai l ures  i n  
Lake Ontari o co l on i es of h erri n g  gu l l s  d u e  to eggs h e l l t h i n n i ng  whi ch , i n  
turn , was corre l ated  wi th  the  DDE content  of eggs . 
Advanc ement s  i n  quanti fi cat i on and understand i ng the  effects  of 
contami nants  i n  other med i a  fo l l owed these  f i n d i ng s , a l be i t at a s l ower pac e . 
Duri ng  I FYGL i n  1 972 , f i s h , water , s ed i ment , net  p l ankton , C l adophora and 
benth i c faun a  were s amp l ed to prov i de bas e l i ne i nformati on on the  l ev e l s of 
DDT group p e s t i c i d e s , d i e l d r i n and PCBs ( 1 64) . I n  1 975 , New York DEC 
i n i t i ated  a program for rout i n e  mor i tori ng  of s e l ect  contami nants  i n  fi s h  at 
three  n ears hore s i t e s  i n  Lake Ontari o ( 1 65 ) . Pri or to t h i s program , s tud i e s  
eva l uat i n g  contami nant  burd e n s  and  thei r pos s i b l e effec t  i n  fi s h  had  �e en 
undertake n , but general l y  a s  part of res earch stud i e s  ( e . g .  1 66 ) . A s i mi l ar 
p rogram was i n i t i ated  by Ontari o MOE i n  nears hore waters  i n  1 97 6 . Both 
programs , however , add re s s ed con tami nant burden s  i n  fi s h  t i s s u e  more from a 
pub l i c  hea l th  v i ewpoi n t  ( e . g .  l ev e l s i n  fi l l et s )  and re s u l t i ng  data d i d not 
l en d  thems e l v e s  to determi nati on of l ong-term tren d s . An annua l  F i s h  
Contami nants  Surve i l l an c e  Program ( conducted by the  Great Lakes F i s h eri e s  
Res earch Branch  of  Canada DFO i n  cooperat i on wi th Ontari o MNR) was i n i t i ated 
i n  1 977  to prov i d e  a l ong-term data s et of contami nant  burdens  i n  who l e fi s h ,  
permi tt i n g  trend  d etermi nat i on .  
I n  1 97 6 ,  t h e  Great Lakes �ater Qua l i ty Board d i rec ted  i ts I mp l ementati on 
Commi ttee to report on  c urrent  avai l ab l e  i nformati on re l ated to pers i s tent 
tox i c s u b s ta n c e s  i n  the  Lake Ontari o Bas i n  ( 1 67 ) . They con c l uded  that a 
s i gn i fi cant  amount  of  i n formati on e x i s ted , b u t  on l y  for tho s e  s ub s tances  that 
had been of  conc e rn i n  recent  years , i . e .  mi rex , PCBs , DDT and mercu ry .  For 
mos t  othe r  organ i c  s ub s tances  on l y qua l i tat i ve  i nformati on e x i s ted . Bas ed  on 
the i r f i n d i n g s , the  Imp l ementat i on Commi ttee offered s ev e n  recommendat i on s : 
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1 .  Mon i tori ng  and l aboratory programs i n  s upport of the  I nternat i ona l  
Great Lake s Surve i l l an c e  Program i n  Lake Ontar i o  s hou l d  b e  con t i nued  
at  a l ev e l  s u ffi c i e�t  to  e s tab l i s h 
( a )  trends  of tox i c s u b s tances  s u ch as  mi rex ( d e c h l orane ) ,  PCBs , DDT 
and mercu ry for wh i c h some i nformati on i s  avai l ab l e ,  and 
( b )  the  s i g n i fi cance  of the  oth er  tox i c s u b s tances  for whi c h  on l y  
qua l i tati ve  i n formati on i s  avai l ab l e .  
2 .  Water  qua l i ty obj ect i v e s  and /or s tatemen t s  i nd i cat i ng  a d e s i red 
a b s e n c e  for a materi a l  s hou l d be  con s i d ered for the  s u b s tances  
i d ent i fi ed i n  the  report . 
3 .  The co l l ec t i on , ana l ys i s and d i s s emi nati on of data on sou rces  and 
e nv i ronmental  d i s tr i but i on of pers i s tent  tox i c s u b s tance s  s hou l d  be  
extended  to  the  ent i re Great Lake s system . 
4 .  Res earch s hou l d  be  i nten s i fi ed to determi ne  the  pathways , fate and 
effects  of potenti a l l y  tox i c e l ements . Such efforts  wou l d  be  u s efu l 
i n  the  further deve l opment of s u rv e i l l an c e  and remed i a l p rograms to 
protect  human hea l th , fi s h ery resou rces  and wi l d l i fe of the  Great 
Lake s .  
5 .  The e nv i ronmental  hea l th agen c i e s  i n  both countri e s  s hou l d con s i d e r  
e s tab l i s h i ng  requ i red act i on l ev e l s for the  protect i on of  human 
hea l th from s u b s tances  and any comb i nati on of tox i c s ub s tan c e s  
i dent i fi ed i n  the  report a n d  oth er  tox i c s u b s tance s  wh i c h may be  
i dent i fi ed i n  future . 
6 .  A l l j u ri s d i c t i o n s  s hou l d  proc eed to i d ent i fy raw materi a l s ,  
proc e s s e s , prod u c t s , byprod u c t s , was te sou rces  and emi s s i on s  
i nvo l v i ng ,  a s  a pr i ori ty ,  pers i s tent tox i c organ i c s u b stance s  and 
quant i tati v e  data on the  s u b s tan c e s , together wi th recommendat i ons  on 
the i r hand l i ng ,  u s e  and d i spos i t i on . 
7 .  A l l j u ri s d i c t i ons  s hou l d  e s tab l i s h c l os e  coord i nat i on among the  a i r ,  
water and so l i d  was te programs to a s s e s s  the  tota l  i nput  o f  tox i c 
s u b s tanc e s  to the  Great Lakes system .  I n  parti cu l ar ,  add i t i onal  
i n formati on was requ i red on the  concen trat i ons  of tox i c s u b s tances  i n  
the  atmosphere  and the  mec han i sm of tran s port to the  water  
eov i ronment . 
Many of these  requ i rements  were refl ected  i n  the 1 978  Agreement , wi th 
spec i fi c obj ect i v e s  g i ven  for a vari ety of organoc h l or i n e  p e s t i c i d e s , PCBs , 
phthal i c  ac i d  e s ters  and heavy meta l s .  Annex  1 2  of the 1 978  Agreement  was 
d evoted e n t i re l y  to programs pertai n i ng to pers i s tent  tox i c s u b s tance s  and 
i n c l uded  req u i rements  for the  e s tab l i s hment of mon i tori ng and res earch 
prog rams to determi n e :  
o Temporal  and s pati a l  trend s  i n  concen trati on of pers i s tent  tox i c 
s u b s tance s  s u c h a s  PCBs , mi rex , DDT , mercury ,  d i e l d r i n ,  and  other 
s u b s tances  known to be present  i n  b i ota and s ed i ment  of  the  Great 
Lake s sys tem . 
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o The  i mpac t of  pers i stent  tox i c s u b s tanc e s  on  the  hea l th  of humans  and 
the  qua l i ty and  hea l th of  l i v i ng aquat i c sys tems . 
o The sources  of i nput of pers i s tent  tox i c s ubstan c e s . 
o The  pre s e n c e  of prev i ou s l y  u n i dent i fi ed pers i s tent  tox i c s u b s tan c e s . 
I n  add i t i on ,  i t  requ i red that re search  be  i n ten s i fi ed to d etermi n e  the  
pathways , fate and  effects  of tox i c s u b s tan c e s . Th i s was a i med at the  
protect i on of  human hea l th , fi s h ery resources  and  wi l d l i fe of  the  Great Lakes 
Bas i n Ecosys tem . In  parti c u l ar , res earch was requ i red  to determi n e : 
o The  s i gn i fi cance  of effects  of pers i s tent  tox i c  s u b s ta n c e s  on h uman 
hea l th and aquat i c l i fe .  
o I n terac t i v e  effects  of res i d u e� of tox i c s u b s tance s  on aquati c l i fe ,  
wi l d l i fe ,  and human hea l th . 
o Approaches  to ca l c u l ati on of acceptab l e l oad i ng rates for pers i s tent  
tox i c s ub s tances , e spec i a l l y  tho s e  wh i c h , i n  part , are natural l y  
occurr i ng . 
Becau s e  preparat i on of the  ori g i na l  GLI SP ( 1 7 ) preceeded  the  1 978  
Agreement ,  i t  refl ected  on l y  a few of  t h e s e  requi remen t s . Ontar i o  Group 1 
tr i butari e s  ( i . e .  tho s e  i mpact i ng  the who l e l ake or a known prob l em area)  were 
to be  mon i tored for PCBs , 2 , 4 , 5-T , PCP and s e l ect  trace meta l s ( mercury ,  l ead , 
cadmi um) , wh i l e  the  remai n i ng Ontar i o tri butari e s  were to be  mon i tored l e s s  
frequen t l y  for PCBs , mercury ,  l ead , c h romi um , z i n c , cadmi um , and  ars en i c .  
Req u i rement s  for mon i tori ng  New York tri butari e s  were never  comp l eted . 
Atmospher i c depos i t i on mon i tori ng  was requ i red for on l y  s e l ect  trac e meta l s 
and d i d not i n c l ude  organoc h l ori n e  contami nant s . N ears hore water  qua l i ty 
organoc h l ori n e  con tami nant mon i tor i ng  was requ i red at s e l ect  s tat i o n s  and 
t i me s  ( both u n s p ec i fi ed )  whi l e  none was spec i fi ed for the  offshore waters  or 
water i ntake s . 
Mon i tor i ng  of tox i c s u b s tanc e s  re l i ed pr i mari l y  on determi nat i on of 
contami nant  burd e n s  i n  fi s h  ( Great Lake s i n ternat i onal  f i s h  contami nant  
s urvei l l an c e  program , Ontar i o MOE sports fi s h  program and s pottai l s h i n er 
program) and  i n  wi l d l i fe ( CWS h erri ng  gu l l  program) . 
The s i gn i ng of the  1 978 Agreement  prov i ded  con s i d erab l e i mpetus  to d ev e l op 
more compreh e n s i v e  mon i tor i ng  and res earch programs . Nev erthe l e s s , the  Tox i c  
Sub s tan c e s  Commi ttee , e s tab l i s hed  i n  1 980 by the  Water Qua l i ty- Board for the  
purpo s e  of eva l uati ng  programs and act i v i t i e s  respond i ng to An n e x  1 2  of the  
1 978 Agreement , con c l uded  that the  under l yi ng  prob l em was  the  a b s e n c e  of  an 
overal l Great Lake s ecosys tem s t rategy for tox i c s u b s tance s  control act i v i t i es 
that were b e i ng carr i ed out under  the  var i ous  p i e ce s  of l eg i s l at i on among the  
j ur i s d i c t i on s . 
Th i s prob l em of fragmentat i on of tox i c s u b s tances  programs and  act i v i t i e s 
wi t h i n the  Great Lake s Bas i n con t i n u e s  to date and  prevent s  d e termi n at i on of 
total l oad i ngs  to the  l ake . I nput l oad for an exten s i v e l i s t of compound s .  
from the  N i agara R i ver  i s  reasonab l y  we l l quanti f i ed  a s  a res u l t  o f  i nten s i v e  
mon i tor i ng  act i v i t i e s  carr i ed o u t  on t h e  r i ver  by Canada DOE i n  conj u n c t i on 
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wi th  U . S .  EPA , New York DEC , and  Ontari o MOE .  Output l oad v i a the  St . 
Lawrence  Ri v e r  for the  s tandard l i s t .of organoch l ori n e  pe st i c i d e s , PCBs and 
c h l orobenzenes  i s  a l so  avai l ab l e ,  a l though the  prec i s i on of  the  e s t i mate i s  
u nknown and  much  of the  data are be l ow the  anal yti c a l  detect i on l i mi t .  
A l though Ontari o MOE mai n tai n s  an exten s i v e mon i tori ng  program for 
organoch l or i n e  pe st i c i d e s  and  PCBs i n  s ed i ment and water for many Ontari o 
tri butari e s , mos t  of the se  data remai n u n i n terpreted ( at l ea s t  at. the  t i me of 
s ubmi s s i on to th i s report ) . On l y  contami n ant  l ev e l s i n  the Don R i ver , Humber 
Ri v er and M i mi co  Creek have been eval uated , i n  conj u n ct i on wi th the Toronto 
Area Waters h ed Management  Study ( TAWMS ) ( 1 68 , 1 69 ) . I n terpretat i on of these  
data , howeve r ,  i s  comp l i cated by  the  fact  that  ana l yti ca l  detec t i on l i mi t s 
were h i gh re l ati v e  to amb i ent  conc e ntrati ons , refl ect i n g  the  l i mi tati ons  of 
s amp l i ng and ana l ys i s .  I n  many i n s tance s , detect i on l i mi t s were h i gher  than 
the  Prov i n c i a l  Water Qua l i ty Obj ect i v e s  ( 1 69 ) . A l mo s t  no  data on organ i c  
contami nant  l ev e l s i n  water  were prov i ded  for New York tri butari e s , and what 
were prov i d e d  were not amenab l e  to i n terpretati on . 
Atmospheri c d epos i t i on i s  recogn i zed  as  a maj or source of some 
contami nants  to the Great Lake s , yet con s i d erab l e uncertai n ty remai n s  as to 
the magn i tude  of  t h i s d epos i t i on and the ro l e  the atmosphere p l ays i n  the  
recyc l i ng of these  s u b s tances  ( 1 70 ) . 
No attempt was thus  mad e  to determi n e  tota l l oad i ng e s t i mates for any of 
the contami nants . The  i nformati on presented here i n was en countered i n  the 
l i terature , but no  a s s e s sment of as soci ated preci s i on or accuracy i s  
pos s i b l e .  Furthermore , as  mon i tori n g  requi rements  for pers i s tent  contami nants  
i n  GLISP ( 1 7 )  were l i mi ted , th i s s ect i on. d raws heav i l y  on pub l i s h ed res earch 
fi n d i ngs  and , i n  parti c u l ar ,  ori thos e ' re l ated to the  N i agara R i ver-Lake 
Ontari o pol l ut i on prob l em ( 1 7 1 ) .  
I N PUTS 
N i agara R i v e r  
The  rol e of  the  N i agara Ri v e r  i n  contri but i ng  t o  trace organ i c  and  meta l "  
contami nat i on of Lake Ontari o has been  thorough l y  documented ( 1 7 1 - 1 74) . The 
Water Qua l i ty Branc h  of Canada DOE has carri ed out rout i n e mon i tori ng  of 
c h l ori nated pe st i c i d e s , PCBs and c h l orobenzenes  i n  whol e water and  s u s pended 
s e d i ment on a b i weekl y ,  then  week l y ,  bas i s s i n c e  Apri l 1 97 9  ( 1 75 ) . Duri ng 
th i s t i me ,  i mprovements  i n  s amp l i ng and ana l yti ca l  methodol ogy have 
effecti v e l y  l owered the  detec t i on l i mi t s for the se  compoun d s  by one  or two 
orders  of magn i tud e . 
Tota l l oad i ng s  of organoch l ori n e  pe st i c i de s  and PCBs i n  unfi l tered water 
( 1 980-82 ) and  i n  s u spended s ed i ments  ( 1 979-82 ) ,  and c h l orobenzenes  i n  
s u spended  s e d i ment ( 1 980-82 ) ,  as  mon i tored at N i agara-on-the-Lake , are 
presented i n  Tab l e s  33  to 35  ( 1 75 ) . Duri ng  1 98 1 -83 , O l i ver  and N i co l  ( 1 73 )  
col l ected  1 6  L water  s amp l e s  weekl y from the  same s i te to ca l cu l ate l oad i ngs  
for an even  b roader  range  of  compound s , i nc l u d i ng c h l orobenzen es  and 
c h l oroto l u e n e s  ( Tab l e s  36  and  37 ) .  I n  genera l , there was good agreement  for 
tho s e  compoun d s  common to both stud i es . 
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TABLE 33 
TOTAL ORGANOCH LORINE  LOADI NGS 
TO LAKE ONTARIO FROM THE N IAGARA RIVER 
PARAMETER LOADI NG ( ka / a ) a CON F I RMED DETECTIONS ( nq/L) 
1 980 1 98 1  1 982  % MEDIAN MEAN ST . DEV .  
TOTAL PCBs 2282  2373 2568 97 1 1 . 0 1 9 . 9  34 . 7  
a.-BHC 2 282 1 344 988 1 00 9 . 7  1 0 . 5  5 . 2  
y-BHC 4 1 5 2 1 8 1 97 99  1 . 8 2 . 1  1 . 5 
DI E LDRIN  1 24 <79  <79  93  0 . 6  0 . 6  0 . 3  
HCB 207 <79  <79  95 0 . 5  0 . 8  0 . 9  
y-CH LORDAN E <83 < 7 9  <79  68 0 . 3  0 . 5  0 . 8  
a.-CH LORDANE <83 <79 <79 64 0 . 2  0 . 3  0 . 3  
p , p • -DDE <83 <79  < 7 9  6 1  o .  1 0 . 3  0 . 5  
HEPTACH LOR EPOXIDE  <83  <79  <79  47 <0 . 1 0 . 5  1 . 0 
p , p • -DDT < 83 < 7 9  < 7 9  40 <0 . 1 0 . 2  0 . 5  
B-ENDOSULFAN <83 <79 <79 1 5  <0 . 1 0 . 1  0 . 4  
a.-ENDOSULFAN <83 <79 <79 1 3  <0 . 1 0 . 1  0 . 4  
ENDRIN <83 <79 <79  1 1  < 0 .  1 <0 . 1 0 .  1 
p , p • -TDE <83 <79  <79  9 < 0 .  1 0 . 1  0 . 2  
p , p • -METHOXYCH LOR <83 <79  <79  7 <0 . 1 0 . 1  0 . 3  
' 
o , p-DDT < 83 <79  <79  1 <0 . 1 <0 . 1 -
' 
MIREX <83 <79 <79 1 <0 . 1 <,0 . 1 -
ALDRI N  <83 < 7 9  <79  1 <0 . 1 <0 . 1 -
HEPTACHLOR <83  <79  <79  0 <0 . 1 <0 . 1 -
MEAN DISCHARGE ( m3 / s )  6574 6265  6259 
a .  Med i an concentrati on s  i n  u nfi l tered water u s ed for l oad i ng c a l c u l ati ons . 
Sourc e :  Reference  ( 1 7 6 ) . 
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TABLE 34 
ORGANOCH LORINE  LOADI NGS TO LAKE ONTARIO 
FROM 
N IAGARA RIVER SUSPENDED S EDIMENTS 
PARAMETER LOADING ( ka/a) a CON FI RMED DETECTIONS 
1 97 9  1 980 1 98 1  1 982 % MEDIAN 
TOTAL PCBs 727  780  464 655 1 00 
HCB 9 1  6 2  50 2 3  1 00 
p , p ' -DDE 36  27  1 0  < 2  92  
p , p ' -DDT 1 7  1 0  < 1  < 2  86  
MI REX 1 0  8 3 1 3  7 6  
a.-BHC 1 0  4 4 1 1  75  
DI ELDRIN  5 8 3 2 80 
y-CH LORDAN E <2  2 4 < 2  7 9  
p , p ' -TDE < 2  6 5 < 2  6 2  
p , p ' -METHOXYCH LOR <2  4 < 1  <2  5 1  
a.-CH LORDANE 2 2 4 < 2  6 7  
H EPTACH LOR EPOXIDE <2  2 < 1  < 2  3 7  
a.-ENDOSU LFAN <2  < 2  < 1  < 2  36  
y-BHC <2  <2  < 1  <2  33 
o , p-DDT < 2  < 2  < 1  < 2  30 
H EPTACH LOR < 2  < 2  < 1  < 2  8 
ALDRI N  < 2  < 2  < 1  <2  7 
B-ENDOSULFAN < 2  <2  < 1  < 2  4 
ENDR I N  < 2  <2  < 1  < 2  1 
MEAN DI SCHARGE ( m3 / s )  6303 6574 6265  6259 
a .  Med i an con cen trat i on s  u s ed for l oad i ng ca l c u l ati on s . 
Sou rce : Reference  ( 1 7 6 ) . 
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TABLE 35  
CH LOROBENZENE  LOADI NGS TO LAKE ONTARIO FROM 
N IAGARA RIVER SUSPENDED SEDIMENTsa 
( kg/a )  
I SOMER  1 980 1 98 1  
1 , 3-d i c h l orobenzen e 1 76 2 
1 , 4-d i c h l orobenzene  1 38 2 
1 , 2-d i ch l orobenzene  1 56 2 
r-d i c h l orobenzene  601  4 1  
1 , 3 , 5-tri c h l orobenzene  27  3 
1 , 2 , 4-tri c h l orobenzene  94 3 
1 , 2 , 3-tri c h l orobenzene  27  8 J 
r-tri c h l orobenzene  1 64 53  
1 , 2 , 4 , 5  + 1 ,2 , 3 , 5-tetrac h l orobenzene 39 1 8  
1 , 2 , 3 , 4-tetrac h l orobenzene  99  34  
r-tetrach l orobenzene 1 46 44 
Pentac h l orobenzene  78  25  
Hexach l orobenzene  1 20 46 
TOTAL CH LOROBENZ EN ES 1 2 1 9  224  
M EAN DI SCHARGE ( m3 / s )  6574 6265  
a .  Med i an con centrat i ons  u s ed for l oad i ng ca l c u l at i on s . 
Source : Reference  ( 1 75 ) . 
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TABLE 3 6  
CONCENTRATIONS ( ng / L) O F  CONTAMI NANTS I N  TH E N IAGARA RIVER 
AT N IAGARA-ON-THE-LAKE , 1 98 1  - 1 983 
COMPOUND OCCURRENCE (%) RANGE  a MEAN ± SO 
Ch 1 orobenzene s ( CB )  
1 , 3-di CB 1 00 2 . 1 - 1 1 0  1 1  ± 1 3  
1 , 4-di CB 1 00 9 . 0-3 1 0  3 6  ± 37  
1 , 2-di CB 1 00 3 . 9-240 23 ± 33 
1 , 3 , 5-tri CB 1 00 0 . 1 9-6 . 8  0 . 84 ± 0 . 86 
1 , 2 , 4-tri DB 1 00 5 . 8- 1 20 1 6  ± 1 6  
1 , 2 , 3-tri CB 1 00 1 . 4-30 3 . 5  ± 3 . 4  
1 , 2 , 3 , 5-tetraCB 1 00 0 . 1 0- 1  . 4  0 . 4 1 ± 0 . 23 
1 , 2 , 4 , 5-tetraCB 1 00 0 . 39-9 . 3  2 . 0 ± 1 . 3 
1 , 2 , 3 , 4 , -tetraCB 1 00 1 .  4-36 4 . 5  ± 4 . 2  
PentaCB 1 00 0 . 34-6 . 4  1 . 3 ± 1 . 0 
HexaCB 1 00 0 . 1 6-29  1 . 1 ± 2 . 9  
Ch 1 orotol u en e s ( CT )  
2 , 4 , 5-tri CT 1 00 0 . 44-6 . 0  1 . 3 ± 1 . 1 
2 , 3 , 6-tri CT 1 00 0 . 27-7 . 0  0 . 84 ± 0 . 9 1 
Pent  aCT 1 00 0 . 07-5 1 0 . 84 ± 5 . 1  
PCBs 
PCB 1 8  98 ND- 1 . 4 0 . 37 ± 0 . 20 
PCB 52  1 00 0 . 1 7-2 . 2  0 . 66 ± 0 . 34 
PCB 40 92 ND-0 . 74 0 . 1 1  ± 0 . 1 1  
PCB 1 0 1 1 00 0 . 1 2-2 , 7  0 . 50 ± 0 . 32 
PCB 1 53 1 00 0 . 07- 1 . 7  0 . 35 ± 0 . 30 
PCB 1 94 2 5  ND-0 . 94 -
PCB TOTALb 1 00 2 . 3-33 9 . 4  ± 4 . 7  
Pest i c i des  
a.-BHC 1 00 0 . 3-50 1 2  ± 6 . 8  
y-BHC 9 9  ND-5 . 7  1 . 7 ± 1 . 0 
y-Ch 1 ordane 99  ND- 1 . 0 0 . 1 3 ± 0 . 1 1  
a.-Ch l ordane 98 ND-0 . 87 0 . 1 2 ± 0 . 1 1  
p , p • -ooE 1 00 o .  05- 1 . 5  0 . 24 ± 0 . 23 
p , p • -oor 36  ND-3 , 3  - -
Mi s c e l l aneou s 
3 , 4-DCBTF 1 00 0 .  1 4- 1 4  0 . 68 ± 1 . 4  
2 , 4-DCBTF 1 00 0 .  1 4-3 . 8  0 . 56 ± 0 . 56 
HCBD 1 00 0 . 27-3 . 2  0 . 78 ± 0 . 46 
ocs 83 ND-3 . 5  - -
Mi rex  1 2  ND-2 . 6  - -
a .  NO = Not d etec ted . 
M EDIAN 
8 .  1 
2 9  
1 3  
0 . 68 
1 2  
2 . 7  
0 . 35 
1 . 7 
3 . 8  
1 . 2 
0 . 6 1 
0 . 97 
0 . 58 
0 . 27 
0 . 35 
0 . 58 
0 . 08 
0 . 43 
0 . 28 
0 . 05 
8 . 6  
1 0  
1 . 4 
0 . 1 0  
0 . 1 0  
0 . 1 7  
0 . 05 
0 . 50 
0 . 42 
0 . 67 
0 . 05 
0 . 06 
b .  Approxi mated by mu l t i p l yi ng  s um of PCBs 1 8+52+40+ 1 0 1 + 1 53+ 1 94 by 4 . 5 .  
Sourc e :  Refere n c e  ( 1 73 ) . 
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TABLE 37 
APPROXI MATE CH EMICAL LOADINGa RANGES FROM THE NIAGARA RIVER 
TO LAKE ONTARI O ,  1 98 1  - 1 983 
LOADING  RANGE 
( kala) 
>2000 
200 - 2000 
20 - 200 
<20 
COMPOUNDS 
1 , 4-d i c h l orobenzene  
1 , 2-d i ch l orobenzene  
1 , 2 , 4-tri c h l orobenzene  
a.-BHC 
1 , 3-d i c h l orobenzene  
1 , 2 , 3-tri c h l orobenzene  
1 , 2 , 4 , 5-tetrac h l orobenzene  
1 , 2 , 3 , 4-tetrac h l orobenzene  
Pentac h l orobenzene  
Total PCBs 
y-BHC 
1 , 3 , 5-tri c h l orobenzene  
1 , 2 1 3 , 5-tetrach l orobenzene 
Hexac h l orobenzene 
PCB 1 8  ( 2 , 5 , 2 1 )  
PCB 52 ( 2 , 5 , 2 1  , 5 1 ) 
PCB 1 0 1  ( 2 • 4 • 5 • 2 I • 5 I ) 
PCB 1 53 ( 2 , 4 , 5 , 2 1  , 4 1  , 5 1 ) 
2 , 4 , 5-tri c h l oroto l uene  
2 , 3 , 6-tri c h l oroto l uene  
2 , 3 , 4 � 5. 6-pentac h l oroto l uene  
a.-c h l ordane  
y-ch l ordane 
p , p 1 -DDE 
3 , 4- d i c h l orobenzotri fl uori d e  
2 , 4-d i ch l orobenzotr i f l uori d e  
hexac h l oro- 1 , 3-butad i ene  
PCB 40  ( 2 , 3 , 2 1  , 3 1 ) 
PCB 1 94 ( 2 • 3 • 4 • 5 • 2 I • 3 I • 4 I • 5 I ) 
p , p 1 -DDT 
octach l orostyrene 
mi rex  
a .  Cal c u l ated  u s i ng  an average r i ver  f l ow rate of 6 , 400 m3 /s . A 
concentrati on of 1 n g / L  i n  the  water g i v e s  a l oad i ng of  200 kg / a .  
Sourc e :  Referenc e  ( 1 73 ) . 
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One of the  more s i gn i fi cant  fi n d i ngs  emerg i n g  from s tu d i e s  on the  N i agara 
R i ver  was that , e xcept for HCB , methoxych l or ,  mi rex and p , p • -ooE , for wh i ch 
s u s pended  s ed i ment  was respon s i b l e for about 40% of the  total l oad , the  s o l ute 
phase was the  more i mportant med i um for the  tran s port of organoc h l or i n e  
pe st i c i d e s  ( 1 75 , 1 77 ) . 
Tota l  i nput  l oad i ngs  of trace meta l s to Lake Ontari o from the  N i agara 
R i v e r  from 1 97 9  to 1 983 are pres ented i n  Tab l e 38 . Th e s e  fi gures  are bas ed  on 
week l y  s amp l i ng and  are der i ved  from the  prod u c t  of the  med i an year l y  
con centrat i on and the  average annua l  f l ow ( 1 76 ) . No apparent trend  i n  annua l  
med i an con centrati on and , hen c e , l oad was  apparent  d u ri ng  th i s per i od , 
a l though there was con s i derab l e year-to-year vari ati on . Much  of th i s 
vari at i on , parti c u l ar l y  for i ron , i s  thought to be  d u e  to s torms i n  the  
eas tern bas i n  of Lake Eri e ,  l ead i ng to res u s pen s i on of  bottom s e d i ment s . I t  
i s  a s s umed further  that r e s u s p en s i on proc e s s e s  a r e  re s pon s i b l e  for the  
frequent l y  obs erved exceedences  of the  1 978 Agreement  obj ec t i v e s  for i ron and 
copper  ( 1 76 ) . 
Kuntz ( 1 7 6 )  exami ned  the  rol e of s u s pended  s e d i ment  i n  tran s port of trace 
meta l s to Lake Ontari o .  H e  determi ned  that , e x c ept for cadmi um , copper , and 
mangan e s e ,  >69% of the  tota l trace meta l l oad was i n  the  part i c u l ate phase  
( Tab l e 3 9 ) . Ex trac tab l e  meta l s ,  i n  contrast to total metal s ,  are not a s  
strong l y  bound  to  s e d i ment parti c l e s and , therefore , are  more  l i ke l y  
repre s e n tat i v e  o f  the  b i o l og i ca l l y  avai l ab l e fract i on o f  the  l oad . I n  th i s 
cas e ,  the  maj or i ty of the  l oad , except for l ead and z i n c , was i n  the  so l ute  
phase  ( 1 7 6 ) . 
I n  1 984 , the  NRTC re l eased i ts report on the s tatu s of trac e organ i c and 
metal  contami nati on i n  the N i agara R i ver . One of the i r recommendat i on s  ca l l ed 
for i mmed i ate i mp l ementat i on of programs to mon i tor trend s  for Group 1 
c h emi ca l s ( Group 1 con s i s t s  of 55 compound s  reported at l ev e l s equal l i ng or 
exceed i ng  the  mos t  s tr i ngent  cr i teri a avai l ab l e ,  or con s i d ered  to pos e  r i sks  
to human hea l th or the  env i ronment ) .  Fol l owi ng  the  recommendati on of the  NRTC 
i n  1 984 , the  Water Qual i ty Branc h  of Canada DOE adopted l arge-vol ume water and 
s u s pended s ed i ment  samp l i ng at N i agara-on-the-Lake for 68 organ i c  contami nants  
and 1 3  meta l s ,  i n c l ud i ng  a l mo s t  a l l the  NRTC Group 1 compou n d s . Mean da i l y  
l oad i ng s  and corre spon d i n g  90% confi d e n c e  i n terva l s for 1 984 to 1 986 , as  
determi ned  by the  Data I n terpretati on Group ( DIG)  ( 1 74 ) , are pres ented i n  
Tab l e 40 . The s e  e s t i mates  repre s ent  the b e s t  i n formati on avai l ab l e to date 
and , i n  general , are i n  agreement wi th tho s e  of prev i ou s  s tu d i e s . 
An add i t i on a l  respon s i b i l i ty of DIG was to determi n e  whi c h  compou n d s  
ex h i b i t�d  s i gn i fi cant l y  i n creas i ng l oads  over t h e  cou r s e  of t h e  ri ver . Unt i l 
th i s t i me ,  s u c h  e s t i mates  had been on l y  c i rcums tan,t i a l . For examp l e ,  Kami n sky 
et a l . ( 1 78 ) , i d ent i fi ed two f l uori de- s u b s t i tuted  compound s  ( d i c h l oro­
( tri f l uoromethy l )  benzophenone and d i c h l oro ( tri fl uoromethyl )-� . �-d i f l uoro­
d i phenyl methan e )  i n  Lake Ontari o s ed i ments  that are spec i fi c  to a part i c u l ar 
Hooker Chemi ca l  d ump s i te n ear the  N i agara R i ver  ( 1 7 9 ) . I n  another  s tudy , Fox 
et a l . ( 1 80 )  reported con s i s ten t l y  h i gher l ev e l s of c h l orobenzenes , PCBs and 
HCBD i n  water and s u s pended  s ed i ment  ( >700 �m) at the  out l et of the  N i agara 
R i ver  v s . the i n l et at Lake Er i e .  Wh i tt l e and F i tz s i mons  ( 1 8 1 )  noted that the 
l ev e l s of s everal  organoc h l ori n e  con tami nants  ( e . g .  p , p • -ooE ,  rooT , PCBs , 
c h l ordane )  were s i gn i fi can t l y  h i gher  i n  coho s a l mon ( On corhyn c u s  ki s ut c h ) , 
rai nbow sme l t ( Osmerus  mordax ) ,  and the amph i pod Pon topore i a hoyi from the , 
western bas i n of Lake Ontar i o than the  eastern bas i n of Lake Er i e .  
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TABLE 38 
I NPUT LOADI NGS OF TRACE METALS FROM THE N I AGARA RIVER TO LAKE ONTARIO, 
1 97 9  - 1 983 
1 79 n8o 1 981  1 82 J CI83 
VARIABLE LOAD CONC' N LOAD CONC ' N LOAD CONC ' N  LOAD CONC' N  LOAD CONC ' N 
I ron 41 . 1  2 1 0 . 0  77 . 5  380 . 0  30 . 1  1 55 . 0  77 . 6  390 . 0  45 . 1  220 . 0  
A l umi num 1 8 . 9  1 00 . 0  29 . 9  1 45 . 0  9 . 84 49 . 0  1 4 . 3  75 . 0  · 1 1 . 2 55 . 0  
N i ck.el <0 . 59 3 . 0  <0 . 55 3 . 0  <0 . 23 1 . 2 <0 . 22 1 . 0 <0 . 30 2 . 0 
Copper 0 . 64 3 . 0  < 0 . 4 1  2 . 0  <0 . 62 3 . 0 <0 . 43 2 . 0 1 . 52 7 . 5  
Lead <0 . 2 1  1 . 0 <0 . 38 2 . 0  <0 . 20 1 . 0 <0 . 20 < 1 . 0  <0 . 2 1 1 . 0 
Cadmi um <0 . 2 1  < 1 . 0  <0 . 2 1  < 1 . 0  <0 . 20 < 1 . 0  <0 . 20 < 1 . 0  <0 . 2 1 < 1 . 0  
Z i nc <0 . 63 3 . 0  <0 . 85 4 . 0  < 0 . 43 2 . 0  <0 . 62 3 . 0  < 0 . 7 9  4 . 0  
Chromi um <0 . 2 1 1 . 0 < 0 . 63 3 . 0  <0 . 21 < 1 . 0  <0 . 37 2 . 0 <0 . 2 1  1 . 0 
Arseni c - - 0 . 1 0  0 . 5  0 . 1 2  0 . 6  0 . 23 1 . 1 
Manganese 1 . 68 8 . 0  5 . 1 5  24 . 0  < 2 . 06 1 0 . 0  < 4 . 2 1  20 . 0  < 2 . 1 3  < 1 0 . 0  
Load a s  1 03 t/a . 
Concentrat i on as �g / L .  
0'1 00 
TOTAL LOAD TO 
LAKE ONTARIO 
PARAMETER ( t / a )  
Cadmi um <200 
Copper 4 1 0  
Manganes e  <4070 
Chromi um 4 1 0  
N i ckel  200 
Lead 200 
I ron 79360 
Zi nc 6 1 0  
Sou rc e : Reference ( 1 76 ) . 
TABLE 39  
SUSPENDED SEDIMENT CONTRI BUT I ON OF METALS TO TOTAL LOAD 
FROM TH E N I AGARA RIVER TO LAKE ONTARIO I N  1 982 
EXTRACTABLE METALS I N  EXTRACTABLE METALS I N  TOTAL METALS I N  
SUSPENDED SEDIMENTS SUSPENDED SEDIMENTS SUSPENDED SEDIMENTS 
( t / a )  (1 i n  total l oa d )  ( t/ a )  
4 )2 1 0  
63 1 5  1 20 
- - 1 850 
39  1 0  275 
29 1 4  1 54 
1 08 54 1 97 
- - 78300 
3 6 1  5 9  6 7 3  
TOTAL METALS I N  
SUSPENDED SEDIMENTS 








> 1 00 
TABLE 40 
NIAGARA-ON-THE-LAKE MEAN DAILY LOADS AND CONFIDENCE INTERVALS , 1 984 -1 986 
-
I WATER SEDIMENT 
SAMPLE SIZE MEAN 90% CONF IDENCE INTERVAL SAMPLE SIZE MEAN 90% CONF IDENCE 
POLLUTANT 
FURANS(g/d) 
TETRACHLORODIBENZOFURAN 29 7 . 6202 ( 3 . 24 ,  1 7  . 92 )  3 4  0 . 4790 ( 0 . 26 ,  0 . 87 ) 
PENTACHLORODI BENZOFURAN 29 1 4 . 9257 ( 9 . 06 ,  24 . 60)  34 2 .  21 65 ( 1 . 0 5 ,  4 . 67 )  
HEXACHLORODIBENZOFURAN 29 8 . 4044 ( 4 . 7 9 ,  1 4 .  7 5 )  34 1 . 1 1 32 { 0 . 62 ,  2 . 00) 
HEPTACHLORODIBENZOFURAN 29 21 . 9929 ( 9 .  7 1 . 49 . 83 )  34 1 .  5787 ( 1 . 1 3 .  2 .  21 ) 
OCTACHLORODI BENZOFURAN 29 6 . 0000 ( 2 . 96 ,  1 2 . 1 7 )  34 4 .  3478 (2 . 84 .  6 . 66 )  
DIOXI NS(g/d) 
HEXACHLORODIBENZO-P-DIOXIN 29 7 . 3945 ( 3 . 95 ,  1 3 . 84 )  34 0 . 61 91 ( 0 . 34 ,  l .  1 2 )  
HEPTACHLORODI BENZO-P-DIOXIN 29 6 . 3558 ( 4 . 53 ,  8 . 91 )  34 2 . 3278 ( 1 . 1 7 .  4 . 65 )  
OCTACHLORODIBENZO-P-Dl�XIN 29 2 5 . 9644 ( 1 2 .  3 0 ,  54 . 8 3 )  34 4 .  5776 ( 2 . 9 7 ,  7 . 0&) 
ORGANOCHLORI NES( kg/d) 
o-ENDOSULFAN 33 0 . 1 37 9  ( 0 . 06 .  0 . 31 ) 34 0. 01 31 ( 0 . 01 , 0 . 02 )  
o-BHC 33 1 . 5525 ( 1 . 23 ,  1 .  9&)  34 0 . 01 79 ( 0 . 01 . 0 . 03 )  
LINDANE 33 1 . 1 9 54 ( 0 . 55 ,  2 . 58 )  34 0 . 0048 ( 0 . 00 ,  0 . 01 )  
co-CHLORDANE 33 0 . 0397 ( 0 . 03 ,  0 . 0& )  34 0 . 0059 ( 0. 00 . 0. 01 ) 
y-CHLORDANE - - - 34 0 . 004& ( 0 . 00 ,  0 . 01 )  
OXY-CHLORDANE 33 0 . 031 1 ( 0 . 03 ,  0 . 04 )  34 0 . 001 3 ( 0 . 00 ,  0 . 00)  
DI ELDRIN 33 0 . 1 498 ( 0 . 1 1 , 0 . 20)  34 0 . 008& ( 0 . 01 , 0 . 01 ) 
H E PTACHLOR E POXIDE 33 0 . 05 54 ( 0 . 04 ,  0 . 08 )  - - -
P , P-DOT - - - 34 0 . 0253 ( 0 . 02 ,  0 . 04 )  
P , P-000 33 0 . 0358 ( 0 . 03 ,  0 . 05 )  34 0 .  0221 ( 0 . 01 . 0 . 04 )  
P , P-OOE 34 0 . 1 353 ( 0 . 07 . 0 . 2& )  34 0 . 0204 ( 0 . 01 , 0 . 03 )  
MIRE X - - - 34 0 . 01 7 1  { 0 .  01 . 0 . 03 )  
PCBs 34 9 . &4 7 &  ( 4 . 89 ,  1 9 . 03 )  34 0 . 8929 ( 0 . &4 ,  1 .  25)  
HEXACHLOROBUTADI ENE 34 0. 521 9 ( 0 . 25 ,  1 .  07 ) 34 0 . 0302 ( 0 . 02 ,  O . Ob )  
1 , 2-Dl CHLOROBENZENE 34 1 5 . 8503 ( 8 . 90 ,  28 . 23 )  - - -
1 , 4-0ICHLOROBENZENE 34 32 . 481 8 � 20 . 04 ,  52 . && )  34 0 . 5989 ( 0 . 35 ,  1 . 02) 
1 , 2 , 3-TRICHLOROBENZENE 34 0 . 8938 ( 0 . 49 ,  1 . &4) - - -
1 , 2 ,4 -TRICHLOROBENZENE 34 3 . 1 48& ( 1 . 52 . & . 53 )  34 0 . 0599 ( 0 . 04 ,  0 . 08 )  
1 , 3 , 5-TRICHLOROBENZENE 34 0 . 7 1 94 ( 0 . 4 5 ,  1 . 1 4 )  34 0 . 0497 ( 0 . 03 ,  0 . 09 )  
1 , 2 , 3 , 4-TETRACHLOROBENZENE 34 0 . 4805 ( 0 . 28 ,  0 . 82 )  34 0 . 0850 ( 0 . 05 ,  0 . 1 3) 
1 , 2 , 4 , 5/1 , 2 , 3 , 5  
-TETRACHLOR08ENZENE 34 0 . 8822 { 0 . 4 0 ,  1 . 94)  34 0 . 0395 ( 0 . 02 ,  0 . 07 )  
PENTACHLOROBENZENE 34 0 . 1 408 ( 0 . 08 ,  0 . 25 )  34 0 . 05&8 ( 0 . 04 ,  0 . 08 )  
HEXACHLOROBENZENE 34 0 . 09 7 2  ( 0 . 06 ,  0 . 1 5) 34 0 . 1 31 8  ( 0 . 08 ,  0 . 22) 
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POLLUTANT 






BENZO ( A ) PYRENE 
BENZ( A, H )  ANTHRACENE 
BENZO( B+K ) F LUORANTHENE 








B I S ( 2 -ETHYLH E X Y L ) PHTHALATE 
D l -N -OCTYL - PHTHALATE 
PENTACHLOROPHENOL$ 
PHENOL 
VOLAT I LES( tid) 
BENZENE 
CARBON TE TRACHLOR I DE 
C H LOROFORM 
D I C H LOROMETHANE 
METALS( tid ) 
ALUMINUM 
ARSE N I C  
CADM I UM 
CHROM I UM 
COBALT 
COPPER 




N I CK E L  
S E L E N I UM 
Z I NC 
TABLE 40 
N I AGARA-ON -THE -LAKE MEAN DAILY LOADS AND CONF I D E N C E  I N T E RVALS , 1 984 -1 986 
( c on t l nued) 
WATER S E D IMENT 
• 
SAMPLE S I Z E MEAN 90% CONF I DENCE INTERVAL SAMPLE S I Z E  MEAN 
- - - - 2 5  0 . 5859 
- - - - 2 5  0 . 4341 
- - - - 2 5  1 .  2509 
32 5 . 7974 ( 4  . 00 ,  8 . 4 1 ) 3 3  8 . 05 1 9  
- - - - 3 3  3 .  7 821 
- - - - 2 5  2 . 1 7 88 
32 4 . 0 7 1 4  ( 2 .  47 . & .  7 2 )  3 3  9 .  7 2 5 &  
- - - - 2 2  1 . 5294 
32 4 . 0&34 ( 2 . &3 ,  & . 28 )  2 9  4 . &008 
32 & . 7 9 7 2  ( 4 . 4 1 . 1 0 . 47 ) 3 3  1 1 . 4 3&1 
- - - - 2 5  0 .  536& 
25 20 . 07 1 8  ( 9 . 60 ,  4 1 . 94 )  2 2  1 .  9877 
25 &2 . 07 6 5  ( 3 2 . 40 , 1 1 8 . 92 )  2 5  0 . 8227 
25 9 . 4 509 ( & . 1 8 .  1 4 . 46 )  2 5  & . 07 3 2  
32 9.  2732 ( 5 . 87 ,  1 4 . 64 )  3 3  B . 5 7 7 7  
32 1 7 5 7 . & 5 2 5  ( 1 09 7 . 9 2 ,  281 3 . 8 2 )  3 3  27 . 5790 
32 6&0 . 681 3 ( 305 . 80 ,  1 4 27 . 39 )  33 2 . 3437 
32 27 . 7 1 1 0  ( 1 7 . 4 5 ,  44 . 01 ) 33 0 .  541 1 
- - - - 33 2 5 . 8&39 
34 0 . 9936 ( 0 . 6 5 ,  1 .  5 2 )  - -
34 0 . 33&8 ( 0 . 24 ,  0 . 4 7 )  - -
34 0 . 3521 ( 0 . 20 ,  0 . &2 )  - -
33 8 . 1 7 52 ( 4 . 4 8 ,  1 4 . 9 1 )  
64 84 . 0442 ( 6& . 05 , 1 06 . 9 4 )  - -
7 0  0 . 394B ( 0 .  3 & ,  0 . 4 3 )  4 2  0 . 0642 
&7 0 .  5928 ( 0 . 58 ,  0 . &0 )  4 4  0 . 0048 
67 0 . 8938 ( 0 .  7 2 ,  1 . 1 1 )  4 4  0 . 0&45 
- - - 4 4  0 .  0241 
& &  1 . 0088 ( 0 . 88 ,  1 . 1 5 ) 4 4  0 . 1 099 
&7 300 . 7 930 ( 2 39 . 27 , 3 7 8 . 1 3 ) - -
&7 0 . 6094 ( 0 . 4 9 ,  0 . 7 & )  4 4  0 . 1 &44 
67 9 . 9&56 ( 8 . 0 2 ,  1 2 . 38 )  - -
7 0  0 . 01 1 8  ( 0 . 01 , 0 . 01 )  34 0 . 0009 
&7 1 .  0353 ( 0 . 9 2 ,  1 . 1 & ) 4 4  0 . 0687 
7 0  0 . 1 1 8& ( 0 . 1 1 , 0 . 1 3 )  4 2  0 . 0029 
&7 2 . 07 4 0  ( 1 . &8 , 2 . 5& )  4 4  0 . 4 509 
NOT E : AQUEOUS METAL ANALYSES WERE PERF ORMED ON UNC E NT R I FUGED OR WHOLE WATE R  SAMPL E S .  
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90% C ONF I DENCE 
( 0 . 4 1 , 0 . 83 )  
( 0 .  2 5 ,  0 . 1 4 )  
( 0 . 81 , 1 . 9 3 )  
( 5 . 1 5 ,  1 2 . 58 )  
( 2 . 5 5 ,  5 . 62 )  
( 1 .  28 , 3 . 70 )  
( & . 3& ,  1 4 . 87 )  
( 0 . 9 0 ,  2 . &1 ) 
( 3 . 09 , & . 84 )  
( 7  . 54 .  1 7 . 3 4 )  
( 0 . 35 ,  0 . 83 )  
( 1 . 1 3 ,  3 . 50 )  
( 0 . 4 9 ,  1 . 38 ) 
( 4 . 04 ,  9 . 1 3 ) 
( 5 .  7 0 ,  1 2 . 93 }  
( 1 7  . 1 8 .  44 . 2 7 ) 
( 1 . 49 ,  3 . &9 )  
( 0 . 2 9 ,  1 . 00 )  





( 0 . 05 ,  0 . 09 )  
( 0 . 00 ,  0 . 01 )  
( 0 . 05 ,  0 . 09 )  
( 0 . 02 ,  0 . 03 )  
( 0 . 09 ,  0 . 1 4 )  
- -
( 0 . 1 3 ,  0 .  21 ) 
- -
( 0 . 00 ,  0 . 00 )  
( 0 . 05 ,  0 . 09 )  
( 0 . 00 ,  0 . 00 )  
( 0 . 3& ,  0 . 57 )  
TABLE 4 1  
TRACE ORGAN IC  AND METAL CONTAMI NANTS EXH I B I TI NG I NCREAS ING  
DI F FERENTIAL LOADS I N  TH E N IAGARA RIVER 
PHASE 
SEDI MENT AQUEOUS POLLUTANT CLASS /NAMES 
FURANS 
X Heptac h l orod i benzofuran 
X Octach l orod i benzofuran 
DIOXINS 
X Hexac h l orod i benzo-p-d i ox i n 
X Octach l orod i benzo-p-d i ox i n 
ORGANOCH LORI N ES 
X a.-Endo s u l fan 
X M i rex  
X PCBs 
X Hexac h l orobutad i e n e  
X X 1 , 2 , 3 , 4-Tetrac h l orobenzene  
X X Pentac h l orobenzene  
X H exach l orobenzene  
PH ENOLS , PAH s AND PHTHALATES 
X Acenaphth ene 
X Anthrac ene  
X Benzanthrac ene  
X Benzo ( a ) pyrene 
X Benzo ( b+k) f l uoranthene  
X Chrys e n e  
X F l uoran thene  
X F l uoren e  
X Naphtha l en e  
X Phenanthrene 
X Pyrene 
X B i s ( 2-ethy l hexy l ) phtha l ate 
METALS 
X A l umi num 
X X Ars en i c 
X Cadmi um 
X X Ch romi um 
X Coba l t  
X Copper 
X I ron 
X Mangane se  
X Merc u ry 
X N i cke l 
X X Z i n c  
Source :  Reference  ( 1 74 ) . 
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To determi n e  ups tream/down s tream d i fferent i a l  l oad i ngs , a s amp l i ng program 
compara b l e to that at N i agara-on-the-Lake was i n i t i ated at Fort Er i e .  From 
the s e  d ata , DIG ( 1 74 )  d e termi ned  that , of the  68 trace organ i c and  1 3  trace 
metal  contami nants  mon i tored , 24 and  1 1 , respect i v e l y ,  exh i b i ted  s i gn i fi cant  
(p  <0 . 1 0 ) i ncrea s e s  i n  at  l ea s t  one  phas e ,  i . e .  aqueous  or s ed i ment  ( Tab l e  41 ) .  
Other Tri butar i e s  
I n format i on o n  other tri butary l oad s o f  organ i c con tami nants  to Lake 
Ontari o i s  v i rtual l y  nonex i s t ent . No i nterpreted i nformati on  was avai l ab l e 
for N ew York tri butari e s , a s i gn i fi cant  omi s s i on con s i deri ng  that d i s charge 
from the  Genes ee , Oswego and  B l ack Ri vers  con s i tutes  a l mo s t  ha l f of the total 
tri b u tary d i s c h arge ( ex c l ud i n g  the N i agara Ri ver )  to Lake Ontari o .  On l y  
l i mi ted  d ata were avai l ab l e for Ontari o tri butari e s . Frank et  a l . ( 1 82 )  
e s t i mated the  l oad a s soc i ated wi th s u spended  s ed i ment  for tri butar i e s  a l ong 
the north and southwe s t  s hores dur i ng  1 97 4 ,  1 975  and 1 977 for EDDT , d i e l d ri n 
and  PCBs ( Tab l e 42 ) .  
TABLE 42 
CRUDE LOADI NGS CALCULATED FROM CONCENTRATIONS OF  CONTAMI NANTS 
IN SUSPENDED SOLIDS ( 1 974- 1 977 ) AND M EAN ANNUAL DI SCHARGES 
BETW E EN 1 964 AND 1 972-74 
LAKE S ECTIONS NO . OF SUSPENDED SOLIDS CRUDE LOADI NGS ( kg/a)  
STREAMS LOADI NGS ( t/al EDDT DI E LDRIN  PCBs 
North Shore , 
Lake Ontari o 2 3  89 ,529  1 . 458  0 . 1 35 1 .  293  
S . W .  Shore , 
Lake Ontari o 1 2  8 , 352  1 . 002 0 . 027  1 .  520 
The  e s t i mate for PCB s i n  s u spended  s ed i ment  c an be  compared to more recent  
l oad i ng  e s t i mates  ( 1 980 water year) of PCBs i n  whol e water for three 
tri butari e s  i n  the  s ame regi on , as  der i ved  from an enhanced tri butary 
mon i tori n g  p rogram ( 88 ) : 
TRI BUTARY PCB LOAoa kala)  NO . OF SAMPLES 
Twe l v e  Mi l e  Creek 1 35 63 
H umber R i ver  1 2  39  
Don R i v e r  1 8  53  
Tota l  1 65 
a .  E s t i mates  i nc l ud e  l e s s  than detecti on l i mi t va l u e s  taken at the  detecti on 
1 i mi t ( 20 n g / L ) . 
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I t  i s  apparent that , at  l ea s t  for PCBs , the  l oad a s so c i ated wi th  the  
s us pended  s ed i men t  fracti on  for the  3 5  tri butari e s  a l ong the  north and  
sou thwes t  s hore l i ne i s  i n s i gn i fi cant  when  compar.ed to  that for who l e water 
from on l y  three of  the tr i butari e s . Thi s conc l u s i on ,  s i mi l ar to that found  
for the  N i agara R i ver  by  Kuntz and  Warry ( 1 75 )  and  McCrea et a l . ( 1 77 ) , 
s ugges t s  that the  contami nant  l oad from the  s o l u t e  phase  i s  more  i mportan t 
than the  s uspended  s ed i ment phase  for both l arge and  sma l l r i vers  i n  the  Lake 
Ontar i o Bas i n .  
Load i n g s  of s e l e c t  trace meta l s from four  Ontari o tri butari e s  were 
c a l c u l ated by Edd i e and Onn  ( 88 )  and  are "pres en ted  i n  Tab l e 43 . The 11 l e s s  
than .. f l ag a s soc i ated wi th  the se  e st i mates  i nd i cates  that conc e n trati on s  b e l ow 
the  anal yt i c a l  detect i on  l i mi t were obs erved at l ea s t  onc e . I n  the s e  
i n s tance s , t h e  detecti on  l i mi t va l ue  was u s ed to compute l oad  and , 
con s equen t l y ,  the  res u l t i ng e s t1 mate s  are a s s umed to overest i mate the  true 
l oad . 
TRI BUTARY 
Twe l v e  M i l e  Creek 
Humber  R i v e r  
Don R i v er 
Tren t  R i ver  
Total  
TABLE 43 
ESTIMATED ANNUAL LOAD OF  SELECT TRACE METALS 
FROM FOUR ONTARIO  TRI BUTAR I ES , 
1 980 WATER YEAR 
ANNUAL LOAD ( t/ a )  
COPPER LEAD CADMIUM 
. 
<74 < 1 93 <34 
<4 < 1 1  < 1  
< 3  < 1 1 < 1  
55  < 1 59 <27  
< 1 36 <374 < 63 
MERCURY 
<0 . 30 
<0 . 0 1 
<0 . 0 1 
<0 . 1 5  
<0 . 62 
Wh i l e  no  i nterpreted l oadi ng e st i mates  were prov i d e d  for New York 
tri butari e s , d ata pre s e n ted  i n  the USGS annua l  reports for 1 98 1  and 1 982 were 
u s ed to c a l c u l ate , v ery approx i mate l y ,  the tota l trace meta l  l oad from the  
Gen e s e e , Oswego and  B l ack Ri vers . For these  c a l c u l ati o n s , the  med i an annua l  
trace meta l  concentrat i on was  mu l t i p l i ed by  the  mean annua l  fl ow for each  of 
the two years . Res u l t s  are g i v e n  i n  Tab l e 44 . 
Recogn i z i ng that con s i d erab l e u n certai n ty i s  a s soc i ated wi th the se  l atter 
data , e s t i mated l oads  for s ev eral  meta l s ( mangane s e , c hromi um , z i n c ,  l ead , 
copper)  i nd i cate  that Lake Ontari o tri butar i e s  l i ke l y  con tri bute  trace metal 
l oa d s  approx i mate l y  equal i n  magn i tu d e  to that from the N i agara Ri v e r .  The 
n umerous other sources  to the  l ake ( other  tri butari e s , STP d i s charges , etc . )  
not a ccounted for here  prov i d e  further j u s t i fi cati on for th i s con c l u s i on .  
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TABLE 44 
ESTIMATED ANNUAL LOAD OF TRACE M ETALS FROM 
TH E GENESEE , OSWEGO AND BLACK RIVERS , 1 98 1  and 1 982  
Annual  Load ( t/a 
Tri butary n I ron  Manqanese  Chromi um Z i n c  Lead 
Oswego 
1 98 1  3 2 , 020 240 60 1 20 60 
1 982  4 2 , 950 340 50 1 00 20 
Gen e s e e  
1 98 1  3 3 , 850 2 1 0  30 1 50 40 
1 982  4 3 , 1 80 400 30 260 30 
B l ack 
1 98 1  4 1 , 550 260 40 1 00 30 
1 982  3 1 ' 590 1 50 40 1 1 0 20 
Total 
1 98 1  7 , 420 7 1 0  1 30 370 1 30 
1 982  7 , 720 8 1 0  1 20 470 70 
• 
-
Load s ca l c u l ated a s  the  produ c t  of the med i an conc entrat i on and  mean annua l f l ow .  
n = n umber of samp l e s  





20  <4 
45 <4 
1 00 < 1 3  
1 35 < 1 4  
Dredge D i spo s a l  
From 1 97 5  t o  1 97 9 ;  a total o f.  2 x 1 06 m3 ( by vo l ume ) of mater i a l  
was dredged from harbours i n  Lake On tari o ( 260) . Approx i mate l y  60% o f  t h i s 
materi a l  was d i sposed  of i n  the  open waters  of the  l ake or on adj oi n i ng 
beache s . Average annua l  l oad i ng s  of s e l ect  contami nants  from th i s s ource  are 
g i ven  i n  Tab l e 45 . When compared to tr i butary i nput�  i n  the bas i n ,  
contami nant l oad i ng s  from dredged materi a l  d i sposa l  are mi nor on a whol e-1 ake 
bas i s .  
TABLE 45 
AVERAGE POLLUTANT LOADI NGS IN DREDGED MATERIALS 
DISPOSED I N  LAKE ONTARIO , 1 975  - 1 97 9  
( open l ake dump i ng and beach nouri s hment )  
COMPOUND ANNUAL LOAD ( t/ a )  
Vol at i l e  Sol i d s 1 3 . 1 80 
PCB s  <0 . 0 1  
Mercury 0 . 04 
Lead 1 2 . 67 
Copper 1 0 . 83 
Z i n c  47 . 84 
N i cke l  8 . 1 4 
Ch romi um 7 . 97 
Cadmi um 1 . 2 8  
Ars en i c 3 . 2 6 
Atmospheri c I nputs  
In  the i r rev i ew of a i rborne organ i c  contami nants  i n  the  Great Lakes 
ecosys tem , E i s en re i ch  et a l . ( 1 83 )  i nd i c ated that atmo s pher i c depo s i t i on to 
the  Great Lake s repres ents  a s i zab l e  sourc e .  Neverthe l e s s , con s i d erab l e  
u ncertai nty rema i n s  a s  to the  magn i tude of t h i s i nput , due  pr i mari l y  to the  
d i ffi c u l t i e s  i n  dete�mi n i ng dry depos i t i on and  vapour exc hange of con tami nants  
( 1 70 ) . In  contra s t ,  prec i p i tati on i nputs , wh i l e  repre s ent i ng  a comp l ex  
proc e s s i nvol v i ng the  s caveng i ng of contami nant-beari ng part i cu l ates  by  c l oud 
drop l et s , i s  re l at i v e l y  easy to determi ne  ( 1 70) . 
E i s enre i c h  et a l . ( 1 83 , 1 84 )  prov i ded e s t i mates  of both wet and tota l  
atmos pheri c depos i t i on of  trace  organ i c  contami nants  to  Lake On tari o ( Tab l e 
46 ) . The s e  res u l t s  i nd i cated that , wi th the  except i on of  PCBs , EDDT , 
a-BHC and d i e l d ri n ,  wet depos i t i on contri buted < 1 0% of the  tota l  atmospher i c 
l oad . Th i s s i gn i fi ed that dry depos i t i on and vapour exchang e ,  wh i ch cannot be  
quanti fi ed wi th any degree  of c ertai nty ,  were  respon s i b l e for the  l arge s t  
proporti on o f  atmos pheri c l oad i ng to t h e  l ake . 
I nc l uded i n  Tab l e 46 , for compari son wi th  atmospher i c l oadi ng  e s t i mate s , 
are the  90% confi dence  i n terval s for annua l  l oad i ng e s t i mat e s  from the  N i agara 
Ri ver  ( 1 74 ) . For the maj ori ty of compou nds  l i s ted , tota l  atmospher i c l oad to 
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TABLE 46 
ATMOSPH ERIC DEPOSI TION OF  TRACE ORGANIC CONTAMI NANTS TO LAKE ONTARIO 
Load ( t/ a )  
COMPOUND WET TOTAL % WET/TOTAL N IAGARA RIVER 
Total  PCBs 0 . 48 2 . 3  20 . 9  2 . 02 ,  7 . 40 
Total  DDT 0 . 08 0 . 1 4  57 . 1 0 . 05 ,  o .  1 5  
a.-BHC 0 . 24 o .  77 3 1 . 2  0 . 45 ,  0 . 73 
y-BHC 0 . 08 3 . 7  2 . 2  0 . 20 ,  0 . 95 
D i e l dr i n 0 . 03 0 . 1 3  2 3 . 1  0 . 04 ,  0 . 08 
HCB 0 . 03 0 . 39 7 . 7  0 . 05 ,  0 . 1 4  
p , p • -Methoxych l or o .  1 3  1 . 9 6 . 8  NM 
a.-Endos u l fan 0 . 03 1 . 8 1 . 7 0 . 03 . 0 . 1 2  
B-Endo s u l fan 0 . 05 1 . 9 2 . 6  NM 
Tota l  PAH 1 . 6 38  4 . 2  NM 
Anthracene  0 . 03 1 . 1 2 . 7  0 . 30 ,  o .  70 
Phenanthrene 0 . 03 1 . 1 2 . 7  3 . 73 ,  8 .  6 1  
Pyrene  0 . 03 1 . 9 1 . 6 4 . 22 ,  1 0 . 06 
Benz ( a) anthracene  0 . 05 0 . 94 5 . 3  0 . 47 ,  1 . 35 
Peryl ene  0 . 02 1 . 1 1 . 8 NM 
Benza ( a ) pyrene 0 . 03 1 . 8 1 . 7 0 .  93 . 2 .  05 
D i -n-butyl  phtha l ate 0 . 09 3 . 7  2 . 4  NM 
Di -z-ethy l h exyl phtha l ate 0 . 09 3 . 7  2 . 4  400 . 7 6 ,  1 043 . 20 
NM : not measured . 
Sourc e :  F rom revi ews o f  avai l ab l e data by E i s enrei ch  e t  a l . ( 1 83 ) . 
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Lake Ontari o i s  equal  to and� i n  some c a s e s , greater than that from the  
N i agara R i ver . S ub s equent i nv e s t i gati on s i nd i cated , howeve r , that the  
re l ati v e  rol� of dry depos i t i on was overes t i mated and that , i n  gene�a l , wet 
depos i ti on i s  more  i mportant  than dry depos i t i on ( 26 6 ) . Neverthe l e s s ,  i t  was 
con c l uded that the atmo s ph ere rema i n s  an i mportan t , i f  not domi nant , 
contri butor to l akewtd e  contami nant l oad i n g s . 
As  wi th  trace organ i c  contami n an t s , quant i f i cat i on of atmos p h er i c l oad i ngs  
of trace metal s to  Lake Ontar i o i s  comp li cated by  d i ffi cu l ti es i n  determi n i ng 
the  dry depos i ti onal  l oad . T h i s prob l em was revi ewed i n  detai l by A l l en and 
Hal l ey ( 1 85 )  and S chmi dt  and Andren ( 1 86 )  who prov i ded approx i mate ranges i n  
total l oad of trac e metal s bas ed on ava i l ab l e data ( Tab l e 47 ) .  De s p i te  the  
uncertai n ty i n  t h e s e  e s t i mate s , a tmospher i c l oad i n g s  of some metal s ( l ead and 
z i n c )  are equal  i n  mag n i tude  to the  l oad from the  N i agara R i ver . For others 
( cadmi um , copper , n i c ke l ) ,  the  upper range of the  atmospher i c l oad was 
s u ffi c i ent l y  c l os e  to the  N i agara R i ver  l oad to s ugges t  that , wi th further  
i mp rovements  i n  der i v 1 ng e s t i mates , they may b e  of equa l  i mportanc e . As  wi th 
trace organ i c s , i t  i s  nece s s ary to deve l op more prec i s e  mea n s  of determi n i ng 
atmospher i c contri but i on s  of trace meta l s to Lake Ontari o .  
Source :  
TABLE 47 
ESTI MATED RANGE OF ATMOSPHERIC LOADI NGS OF TRACE METALS 
TO LAKE ONTARIO 
VARIABLE LOAD ( t /a)  
I ron 380 - 2 , 460 
N i cke l  20 - 1 30 
Copper 20  - 250 
Lead 1 90 - 950 
Cadmi um 1 0  - 40 
Z i n c  950 - 1 , 900 
Revi ews of ava� l ab l e data by A l l en and Ha l l ey ( 1 85 )  and Schmi dt  
and  Andren  ( 1 86 ) . 
A l ternati v e  Means of I nferri ng I nput s  
I n  the  abs en c e  o f  d i rect  meas ures  o f  l oad i n g s  of organ i c  contami nan ts  from 
poi n t  sourc e s  other than tho s e  d e s c r i bed , a l ternati v e  method s have been u s ed 
to i dent i fy and , i f  pos s i b l e ,  pri ori t i ze t h e s e  s ourc e s  to Lake Ontari o .  
I dent i f i cat i on o f  t h e s e  s econdary source s  wi l l  become i nc reas i ng l y  i mportant 
as  contro l  s trateg i e s  for pr i mary sources  i n  the  N i agara R i ver  are i mp l emented . 
The  d i s tr i but i on of contami nants  i n  bottom s ed i ments  has  been  u s ed a s  a 
mean s of i dent i fy i ng  sourc e s . The ca se  h i s tory of mi rex  contami nati on i n  Lake 
Ontari o p rov i d e s  one  of the  c l eares t  examp l e s .  M i rex con tami nati on was fi rst  
reported i n  f i s h  from the  Bay of Qu i nte ( 1 87 ) . In  1 97 6 ,  New York announced a 
fi s her i e s  ban and  Ontar i o i s s ued  f i s h  con s umpt i on g u i d e l i n e s  due  to mi rex 
contami nat i on .  There were no known source s  of mi rex i n  the  Lake On tari o 
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Bas i n ,  and atmospher i c tran s port was s u spec ted a s  the  source  ( 1 87 ) . I n  J u l y  
1 976 , PLUARG pres ented pre l i mi nary re s u l t s  i nd i cati ng  the  presence  o f  mi rex  i n  
a n umber  of  bottom s e d i ment  s amp l e s  col l ected i n  1 968 from Lake Ontari o ( 65 ) . 
Subs equent  i nterpretat i on and confi rmati on of these  data by Ho l dr i net  et a l . 
( 1 88 )  c l ear l y  i dent i fi ed the  N i agara R i v e r  a s  the  pri n c i pa l  source  of mi rex  to 
Lake Ontari o ( F i g .  6 9 ) , wi th s ed i ment concentrati on s  i n  e x c e s s of 1 0  ng/g  
extend i ng  a l ong the  south  s hore eas tward from the  N i agara Ri v e r  to beyond  the  
Gen e s ee Ri v er .  There was  a s econd , l e s s  exten s i v e , area of contami nati on 
i dent i f i ed i n  th e  Roche s ter ba s i n ,  extend i ng northwes t  from the  Oswego Ri v e r , 
s ugge s t i ng an add i t i onal  source  wi th i n i t s water s h ed ( F i g .  6 9 )  ( 1 88 ) . The  
maj ori ty of bottom s ed i ment  s amp l e s  i n  the  rest  of the  l ake exh i b i ted no 
detectab l e l ev e l s ( i . e .  < 1  ng/g)  of mi rex . 
Th e s e  res u l t s , i n  conj unct i on wi th more i ntens i v e s amp l i ng i n  1 976  ( 1 88 )  
and re l ated i nv e s t i gati ons  by New York DEC ,  i d ent i fi ed two i nd u s tr i a l  sourc e s  
o f  mi rex : Hooker Chemi c a l  o n  t h e  N i agara Ri ver  a n d  Arms trong Cork on the  
Oswego Ri ver . It  has  been e s t i mated that , dur i ng the  prod u c t i on and 
proc e s s i ng  of mi rex at Hooker Chemi ca l . 688 kg was l os t  from 1 959  to 1 976 , 
l ead i ng to exten s i v e  contami nat i on of the l ake . Contami n at i on from the  Oswego 
Ri ver , i n  contra s t ,  was attri buted to a s hort-term , s u b s tant i a l  l os s  i n  the  
ear l y  1 960s at an i nd u s tri a l  p l ant l ocated 1 4  km  u p s tream of the  r i ver  mouth  
( 1 88 ) . 
A l though produ ct i on of mi rex at Hooker Chemi ca l  c ea sed i n  s ummer 1 976 , i t  
conti n u e s  to be  detected i n  s u s pended s ed i ment s amp l e s  taken at the  mouth of 
the N i agara Ri ver  ( 1 75 , 1 7 6 ) . For 1 982-84 , DIG ( 1 74)  e s t i mated the  l oad of 
mi rex to Lake Ontari o from the N i agara Ri ver  at  6 . 2 kg /a . The s i tua t i o n  i n  
the  Oswego Ri ver  appears s i mi l ar .  Sc rudato and De l Prete ( 1 89 )  conducted an  
exten s i v e s e d i ment s ampl . j ng program i n  1 979 and found  that the  Oswego Ri v e r  
a n d  Harbor were s t i l l  h i gh l y  con tami nated wi th mi rex . H i g h e s t  toncen trat i on s 
( 1  , 2 90 - 1 , 834 ng/g )  were observed i mmed i ate l y  down s tream of the  Arms trong 
Cork Company d i s c harge . Lev e l s i n  the harbour ,  a s  h i gh a s  48 ng/g , i nd i cated 
that mi rex-contami nated s ed i ments  were cont i n u i ng to accumu l ate· wi t h i n t h e s e  
protected waters . Lower conc entrat i on s  ( <20 ng/g )  were fou nd i n  the  upper 
3 to 4 em of s ed i ment  at two offs hore , deepwater  s tati on s ,  s ugge s t i ng  that 
decreas i ng amou nts  of mi rex were be i ng depos i ted i n  the  l ake . Scrudato and 
De l Prete ( 1 89 )  neverth e l e s s  s ugge s ted that mi rex cou l d con t i n u e  to be  
ava i l ab l e to  l ake b i ota for many years  to  come . 
Sed i ment  d i s tr i but i on pattern s have a l so  i dent i fi ed the  N i agara Ri v e r  a s  
the  maj or source  of PCBs  t o  t h e  l ake ( F i g .  70)  ( 1 90 ) . Howev er , s p e c i fi c 
sourc e s  have not yet been i dent i fi ed for other organoch l or i n e s  by t h i s 
method . Des p i te the  fact that the  N i agara Ri v e r  cont i nues  to contri bute  
s u b s tan t i a l  quanti t i e s  of rDDT and  endos u l fan s  to  the  l ake ( 50- 1 00 and  
55 kg /a , respect i v e l y) ( 1 74 ) , no  apparent source for e i ther group of compounds  
cou l d be  i d ent i fi ed from s ed i ment  d i s tr i bu t i on patterns ( Tab l e 48 ) ( 1 90 ) . 
EXPRESS ION OF LOADI NGS WITH I N  TH E SYSTEM 
Trace Organ i c  Contami nants  i n  Offs hore Sed i men t s  
T h e  fate o f  trace organ i c con tami nants i n  bottom s ed i ments  i s  governed by 
a vari ety of phys i ca l  proc e s s e s  i n c l ud i ng sorpti on , advect i ve and d i ffu s i v e  
mi x i ng ,  s ed i mentat i on ,· res u s pen s i on ,  a n d  buri a l  a n d  b i otu rbat i on ( 1 9 1 ) .  Storm 
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MIREX (nglg) 
D not detected (<1 )  
F:-:::::� 1 - 5 
W21 5 - 1 0 
- >10 
FIGURE 69. DISTRIBUTION OF MIREX IN THE SURFICIAL 3 em OF SEDIMENT IN 
LAKE ONTARIO. 
Source: Reference (188). 
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FIGURE 70. 
TOTAL PCBs (ppb) 
D < 50 
t-:·:·:3 50 - 1 00  
- > 100 
QUARTZ CORRECTED PCBs (ppb) 
D o - 1 00 
f:·:·:-:1 1 00 - 200 
- > 200 
DISTRIBUTION OF PCBs IN THE TOP 3 em OF SEDIMENT IN LAKE ONT ARlO. 
Observed total PCBs, top; quartz corrected, bottom. 
Source: Reference (1 90). 
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TABLE 48 
ORGANOCHLORINE  INSECTICI DES AND PCBs  ( ng / g  DRY W E I GHT) 




COMPOUND LIMIT  MEAN RANGE DEVIATION 
p , p • -DDE 1 00 1 2 . 7  0 . 5  - 70  1 2 . 5  
p , p • -TDE 96 . 5  1 2 . 5  <0 . 1 - 1 25 1 5 . 2  
o , p • -DDE 72 . 1  1 . 8 < 0 . 1 - 30 2 . 9  
p , p • -DDT 94 . .  8 1 5 . 8  <0 . 1 - 1 1 6 1 7 . 3  
IDDT 1 00 42 . 8  0 . 5  - 2 1 8  42 . 4  
D i e l dri n 39 . 3  0 . 6  <0 . 1  - 6 . 7  
PCB sa 96 . 3  57 < 5 .  - 280 56  
Ch l ordane  ( c i s and  tran s )  2 . 2  1 3 . 2b < 0 . 7 - 4 . 0  1 1 .  1 
Endosu 1 fan ( a. ,  B ,  
2 . 9b and s u l fate )  9 . 2  <0 . 6  - 9 . 4  2 . 4 
M i rex 32 . 8  7 . 5  0 . 8  - 40 8 . 3  
DETECTION 
LIMIT  
<0 . 1 
<0 . 1 
<0 . 1 
<0 . 1 
<0 . 4  
< 0 .  1 
< 5 . 
<0 . 7  
< 0 . 5 , < 1 . 2 , <2 . 0 
< 1 . 
a .  No . of  s amp l e s  equa l s 229  except for PCBs  where 1 3  s amp l e s  contai ned 
i nterfere n c e s  that prevented determi nat i on . 
b .  Mean r e s i du e  bas ed on 5 s amp l e s  where c h l ordane  was detected and 2 1  wh ere 
endos u l fan was detected . 
Sou rc e :  Referenc e  ( 1 90 ) , ex c ept for mi rex ( 1 88 ) . 
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events  and spr i ng  f l ood i ng effect  red i s tr i but i on and focu s s i ng of bottom 
s ed i ments  i nto the  depos i t i ona l  bas i n s . For examp l e ,  i t  has b een e s t i mated 
that , on the bas i s  of wi nd and wav e characteri s t i c s  and propert i e s  of 
nears hore s u rfi c i a l  s ed i ments , 8 , 000 t/km2 of s ed i men t i s  res u s pend ed 
annua l l y  i n  the  U . S .  nears hore zon e ( 1 92 ) . 
Storm-generated resuspen s i on p roc e s s e s wou l d  appear to be  of  g reater 
s i gn i fi can c e  dur i ng the  non s trat i f i ed per i od ( December to Apri l ) .  For 
examp l e ,  i n  month l y  col l ect i ons  of s u s pended s ed i ment s amp l e s  i n  the St . 
Lawren c e  R i v e r  at Wo l fe I s l and , mi rex was reported at  detectab l e l ev e l s 
( >4 ng/g )  on l y  dur i ng the  non s trat i fi ed peri od ( F i g .  7 1 ) ( 1 93 ) . DDT e xh i b i ted 
a s i mi l ar s easonal  pattern wi th l owe s t  l ev e l s genera l l y  occurri ng  from June  to 
September . PCB l ev e l s ,  i n  contras t ,  exh i b i ted no s easonal  pattern a s soc i ated 
wi th s trat i fi cat i on .  
Wh i l e  r e s u spen s i on i s  the  maj or proc e s s  dur i ng the  non s trat i fi ed p eri od , 
other fac tors , s u c h  as  the  benth i c nephe l o i d l ayer ( BN L ) , are s i gn i fi can t i n  
the  red i s t r i but i on and tran sport of parti c u l ate matter dur i ng  the  s trat i fi ed 
peri od . Baker et a l . ( 1 94 )  exami ned the BNL i n  we s tern Lake Superi or and 
fou nd i t  to be enri ched i n  PCBs , p , p 1 -DDE and HCB re l at i v e  to s u rfac e  waters . 
U s i ng s u spended  s ed i ment traps i n  Lake Ontari o ,  O l i ver  and Char l ton ( 1 95 )  
s i mi l ar l y  reported that samp l es  col l ected from wi t h i n t h e  BNL con s i s t ent l y  
exh i b i ted h i gher  contami nant concen trat i on s  than over l yi ng waters  for a wi de 
range  of c h l orobenzenes  and organoch l ori ne p e s t i c i des . H a l fman ( c i ted i n  1 94)  
has  e s t i mated that mean current v e l oc i t i es  of on l y  0 . 0 1 - 0 . 07 cm/ s at  1 m 
abov e the  bottom are requi red to s u s tai n the  BNL i n  wes t ern Lake Superi or . 
S i mon s and Sch ertzer ( 27 )  demon s trated that current speeds  > 1  cm/ s pers i s t  
throughout mos t  o f  t h e  s trat i fi ed peri od i n  t h e  bottom waters  o f  Lake 
On tari o .  Con s equen t l y ,  the BN L i s  l i ke l y  a s i gn i fi cant fac tor i n  the  
redi s tri b ut i on and  transport of  parti c u l ate matter and a s soc i ated organ i c 
con tami nants  i n to depos i t i ona l  bas i n s throughout the  ent i re s trat i fi ed per i od . 
Sed i ment  resuspen s i on ,  coup l ed wi th l arge-s c a l e hori zontal  c i rc u l at i on 
patterns , tends  to l ead to homogene i ty i n  contami nant l ev e l s i n  bottom 
s ed i ments  among the  three maj or depos i t i ona l  bas i n s ( N i agara , M i s s i s sauga , 
Roc h e s t er) , a s  found , for examp l e ,  by Jaffe and H i tes  ( 1 96 )  for three 
fl uori nated compounds  spec i fi c to the  N i agara Ri ver  ( Ta b l e 49 ) . Th i s  may 
exp l a i n  why Frank et a l . ( 1 90 )  were unab l e to fi nd  i n terpretab l e  s pat i a l  
patterns  i n  bottom s ed i ments  for s everal  o f  t h e  organoch l ori ne  p e s t i c i des . 
Recent  s tud i es  have s hown Lake Ontari o s ed i ments  to be  h i gh l y  contami nated 
by a vari ety of organ i c compound s , some con s i dered spec i fi c  to the  N i agara 
Ri v e r .  On u s ka et a l . ( 1 97 )  i dent i fi ed and , to the extent  pos s i b l e ,  quanti fi ed 
a n umber of organ i c chemi ca l s i n  s ed i ment cores . Qual i tat i v e  res u l t s  from 
th i s  s tudy are pre s ented i n  Tab l e 50 and s emi quanti tat i v e  con cen trat i on s  of 
i nd i v i du a l  groups  of pol l utants  are shown i n  F i g s . 72 to 74 . The domi nant 
compound s i n  the  a l kyl benzene group were xyl enes  and tr i methyl benzen e s ; i n  the 
c h l orobenzene  group d i - ,  tetra- , and hexac h l orobenzenes ; and i n  the PAH group 
naphtha l e n e , c hrys en e ,  phenan thren e ,  f l uoranth ren e ,  pyrene , and the i r 
corre s pon d i ng methyl homo l ogu es  ( 1 97 ) . A reasonab l y  con s i s tent  s pati a l  
d i s tri but i on was apparent among t h e  d i fferent compound groups .  H i ghest  
concentrat i ons  i n  the  top 3 em were genera l l y  obs erved approx i mate l y  10  km · 
north and north east  from the mou th of the  N i agara Ri ver ( s tat i on s 208 and 209) 
whi l e  l owe s t  concentrati on s were con s i s t en t l y obs erved at s tati on s 206 and 2 1 1 .  
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STRATI F IED 
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FIGURE 71'. 
1 982 1 983 1 984 
CONCENTRATIONS OF M IREX, PCBs and �DDT IN -MONTHLY SUSPENDED 
SEDIMENT SAMPLES IN THE ST. LAWRENCE RIVER. 
Source: Reference (1 93). 
- 1 83 -
TABLE 49 
FLUORI NATED COMPOUNDS IN SEDIMENT SAMPLES FROM LAKE ONTARIO , AUGUST 1 98 2  
CONCENTRATION na/a 
NO . OF CHLORINES 1 2 3-C l 1 3-C1 2 3-Cl 3 3-C1 4 3-C1 5 
LOCATION 
B l oody Run Creek 35000 1 1 000 2 500 6200 3200 1 000 80 
N i agara Bas i n  0 . 1 8  0 . 2 1 N O  0 . 04 0 . 03 0 . 005 ND 
0 . 38 1 . 40 0 . 02 0 . 1 8  0 . 06 0 . 006 ND 
0 . 38 0 . 48 NO  0 . 009  0 . 005 ND ND 
0 . 1 9  0 . 40 0 . 0 1 0 . 1 1  0 . 1 4  0 . 0 1 ND  
0 . 1 4  0 . 24 0 . 02 0 . 1 0  0 . 07 0 . 0 1 ND 
0 . 004 0 . 05 NO 0 . 006 0 . 008 0 . 006  ND 
M i s s i s sagua Bas i n  0 . 54 0 . 98 0 . 008 0 . 08 0 . 08 0 . 02 NO 
0 . 1 6  0 . 57 0 . 007 0 . 08 0 . 08 0 . 02 ND 
0 . 1 3  0 . 36 0 . 008 0 . 07 0 . 08 0 . 02 ND  
0 . 04 0 . 40 0 . 04 0 . 09 0 . 1 0  0 . 02 NO 
Roch e ster Bas i n 0 . 007 0 . 65 0 . 04 0 . 1 4  0 . 1 4  0 . 03 ND 
ND 0 . 54 NO  0 . 1 1  0 . 1 0  0 . 01 ND 
0 . 36 1 . 34 0 . 06 0 . 32 0 . 29 0 . 1 1  NO 
0 . 1 8  0 . 8 1 0 . 05 0 . 1 9  0 . 1 7  0 . 04 NO 
0 . 1 4  0 . 75 0 . 02 0 . 1 5  0 .  1 1  0 . 003 ND 
Ki n g s ton Bas i n  0 . 009 0 . 07 NO  0 . 009 0 . 002 ND  NO  
ND = Not detected . 
Sourc e : Reference ( 1 96 ) . 
TABLE 50 
QUALITATIVE IDENTI F ICATION OF ORGAN IC  CONTAMI NANTS IN I NDIVI DUAL 
SAMPLES OF A PARTI CULAR SAMPLING S ITE  IN 1 98 1  
STATION : 206 2 1 0  
DEPTH ( em) : 0-5 8-1 3 3-5 1 3- 1 4  0-3 
COMPOUND 
Tol uene  + + + + + 
Xyl enes  + + + + + 
Tri a l kyl b enzenes  
r + + + - + 
Tetraa l kyl benzen e s  + + + - ++ 
Naphtha l ene  + + + + + 
Bi phenyl  + - - + -
Ac enaphthy l ene  + - + - + 
Acenaphthene + - + - + 
F l uoren e  + + + + + 
Phenanth rene/Anthracene  + + 
A l ky l ated PAH s - - + - + 
Di c h l orobenzenes  + - - + -
Tri c h l orobenzenes  + ( + )  + - -
Tetrach 1 orobenzene.s + - - - -
Pentac h l orobenzen e s  + - - - -
Hexac h l orobenzene - - + - + 
F l uoroch l oroto l uenes  + - + - -
Ch l ori nated s tyrenes  + - + - + 
H i gher  PAH s + + + ( + )  + 
Phtha l ates  + + + + + 
2-Ch l oronaphtha l ene  + + - - ++ 
A l kyl b enzoates  - - + - + 
Benzyl  ethers  - - + + -
+ present  - not  detected ( + )  at detect i on l i mi t .  
See  F i gure  74 for stat i on l ocat i on s . 
Sou rc e :  Referenc e  ( 1 97 ) . 
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DISTRIBUTION OF ALKY-LBENZENES, BENZYL ETHERS, ALDEHYDES, AND 
ALIPHATIC ESTERS IN LAKE ONTARIO SEDIMENTS. 
Source: Reference (197). 
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DISTRIBUTION OF OLI�FINS, CHLOROBENZENES, PAHs, AND ALKYLATED PAHs 
IN LAKE ONTARIO SEDIMENTS. 
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DISTRIBUTION OF PHTHALATES, CYCLIC KETONES, ALKYL BENZOATES AND 
2,3,7,8-TCDD IN LAKE ONTARIO SEDIMENTS. 
Source: Reference .(1 97) . 
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TABLE 5 1  
CONCENTRATIONS O F  ORGANOCHLORI N E  CONTAMINANTS I N  SURFICIAL SEDIMENTS 
IN LAKE ONTARIO 
( ng/g dry wei ght)  
SAMPLING 1 ,3-DCB 1 4-DCB 1 2-DCB_ 1 ,3 -TCB 1 . 2  -lCB 1 . 2  -TCB HCB 1 2 3 -TeCB 1 2 ._3_ 4-TeCB 
STATION Aori l IJuh Aori l Jul v  
206 NA ND NA 
207 47 34 250 
208 69 42 380 
209 73 47 2 90 
2 1 0  1 70 42 , 300 
NA - Not anal yzed . 
ND - Not detec ted . 
DCB • d i c hl orobenzene 
TCB - t r i c h l orobenzene 
HCBD . hexachl orobutad i ene 
TeCB • tetrac h l orobenzene 
QCB • penta c h l o robenzene 





1 1 2  







See Fi gure 74 for s ta t i on l ocati ons . 
Sou rce : Reference ( 1 80) . 
!Julv Jul v  f Aori 1 Aori l 
7 . 0  NA 1 4 NA 
1 8  2 8  2 1  89 
20 29 24 85 
l B  27 26 75 
23 98 70 220 
1 J u 1 v Aori l Jul v Aori 1 �JulY Aori l  _Jul v Aori l J u 1 v 
72 NA 7 . 2  NA 1 2  NA 36 NA 3 1  
59 1 4  7 . 6" 2 1  1 3  6 9  47 39 23 
68 1 1  8 . 6  3 1  35 72 55 46 34 
70 9 . 0  1 0  2 1  20 58 6 1  32 3 1  
1 20 25 1 1  1 20 44 2 1 0  1 1 0 1 1 0 49 
OCB HCB J>CB 
Aori 1 J u l v Aori l Jul v Aori l _July 
NA 26 NA 62 "NA 730 
3 1  30 73 1 20 260 380 
48 23 260 7 1  680 470 
59 32 230 1 1 0 840 8 1 0  
1 20 49 840 2 1 0  260 670 
Stat i on 2 1 1 i s  l ocated on the  Wh i tby-Ol cott s i l l  d i v i d i ng the  N i agara and 
Roc h e s ter  bas i n s  and  i s  a non-depos i t i ona l  area ; con s eq u ent l y ,  l ow con tami nant 
l ev e l s at t h i s s i te were not unexpected ( 1 97 ) . Low con centrat i on s  of 
contami nants  at s tati on 206 appear to i nd i cate that e i ther l i tt l e d i rect  
depos i t i on from the  N i agara Ri ver occurs  i n  t h i s area or r e s u s p en s i on 
proces s e s  rapi d l y  red i s tri bute  s ed i ment accumu l ati on  among the  three maj or 
depos i t i ona l  bas i n s .  S u s pended s ed i ment  trap i nformati on from Char l ton ( 2 1 ) 
s upports  the  former ,  wi th the  quanti ty of down fl u x i ng  materi a l  at  s tati on  206 
con s i derab l y  l es s  than at s tat i on s  c l os e r  to the r i ver  mouth ( Fi g .  7 5 ) . J affe 
and H i tes  ( 1 98 ) , i n  contra s t ,  sugge st  the  l atter con c l u s i on and fi nd no  
s i gn i fi cant  d i fferen c e s  among the  depos i t i ona l  bas i n s  i n  the  l ev e l s of  
fl uori nated compou n d s  spec i fi c to  the  N i agara Ri ver . 
Fox et a l . ( 1 80 )  determi ned l ev e l s of c h l orobenzenes , HCBD and PCBs  i n  
s u rfi c i a l  s e d i ments  at the  s ame s i tes  as  Onu s ka et a l . ( 1 97 )  ( Tab l e 5 1 ) .  As  
obs erved by Onuska et  a l . ( 1 97 ) , s tati on 206  con s i s ten t l y  d i s p l ayed l ower 
contami nant l ev e l s than a l l oth er s tat i on s  for mos t  compounds , the on l y  
except i on s  b e i ng  1 , 2 , 3 , 4-tetrac h l orobenzen e ,  pentac h l orobenzen e and PCBs 
( 1 80 ) . The s e  except i ons  s uggest  that sourc es  other than the N i agara Ri ver  may 
be i n f l uen c i ng  contami nant l ev e l s i n  s ed i ment s  of the  N i agara bas i n .  H i ghest  
contami nant  l ev e l s were u s ua l l y  fou nd at  s tati on 2 1 0 .  Surfi c i a l  s ed i ments 
a l so  contai ned  s l i gh t l y h i gher  concen trati on s  of c h l orobenzen e s  and  HCBD i n  
Apri l than i n  J u l y ,  but  i t  i s  u n c l ear wh ether th i s d i fferen c e  i s  attri butab l e 
to a redu ct i on i n  l oad i ng from the  N i agara Ri ver  or to i n c reas i ng l os s e s  from 
the  water col umn due  to vol ati zati on i n  the  s ummer peri od . 
O l i ver  and N i co l  ( 1 99 )  reported c h l orobenzene concen trat i on s  from 1 1  s i tes  
en compas s i ng the  three  mai n depos i t i ona l  bas i n s  of  the  l akes  ( Tab l e 52 ) .  
Th e i r resu l t s were con s i s tent  wi th tho s e  of Fox et a l . ( 1 80 )  wi th  mean va l u e s  
s i mi l ar to l ev e l s at s tat i on s  206 a n d  207 . 
TABLE 52 
CH LOROBENZEN E CONCENTRATIONS ( ng/g )  IN  SURFICIAL S EDIMENTS 
FROM ELEVEN S I TES IN LAKE ONTARIO , 1 980 
COMPOUND RANGE MEAN 
1 , 3-d i c h l orobenzene  1 5  - 250 74 
1 , 4-d i c h l orobenzene 22  - 2 1 0  94 
1 , 2-d i c h l orobenzene  4 - 27  1 1  
1 , 3 , 5-tri c h l orobenzene 7 - 250 60 
1 , 2 , 4-tri c h 1 orobenzene  20 - 220 94  
1 , 2 , 3-tri c h 1 orobenzene  1 - 1 6  7 
1 , 2 , 3 , 5-tetrac h 1 orobenzene 1 - 1 3  6 
1 , 2 , 4 , 5-tetrac h l orobenzene 6 - 1 60 52 
1 , 2 , 3 , 4-tetrach 1 orobenzene 4 - 86 33 
Pentac h 1 orobenzene  3 - 84 32 
Hexac h 1 orobenzene  9 - 320 97  
Sou rce : Reference  ( 1 99 ) . 
















DOWNFLUX OF DRY MATERIAL INTO SEDIMENT TRAPS AT 40 m AND BOTIOM 
-2m, 1981. 
Source: Reference (21 ) . 
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Other studies have provided further evidence of widespread sediment 
contamination. Kaminsky et al. (178), sampling at the sites shown in Fig. 76, 
found a variety of previously unreported compounds in surficial sediment 
samples (Table 53). In particular, chlorostyrenes were observed at 10 of the 
13 sites, the first reported occurrences of this group of compounds in Great 
Lake sediments (178). Their presence corroborates the findings of OCS in fish 
from Lake Ontario (200). 
In general, highest contaminant concentrations were observed at station 
23, north of the mouth of the Niagara River, and station 39, east of the 
river. It is difficult to draw any conclusions as to the processes 
responsible for the observed cpntaminant distributions. The high levels at 
station 39, located in the Mississauga basin, coincide with the presence of 
dichloro(trifluoromethyl)-�.�-difluorodiphenylmethane and dichloro(tri­
fluoromethyl)benzophenone. These two compounds are indicative of input from 
the Niagara River; hence, elevated conce�trations at this site are likely due 
to this source. Detectable levels were also observed at stations 20 and 22 
and, while concentrations of HCB, pentachlorotoluene and OCS were elevated at 
station 20� station 22 reported some of the lowest contaminant concentrations 
of all sites (178). 
While further research is necessary to resolve the underlying processes 
responsible for these apparent discrepancies in contaminant distributions, it 
is obvious that contaminants introduced via the Niagara River can be 
transported considerable distances at comparatively high concentrations. 
Trace Metal Contaminants in Offshore Sediments 
There is a paucity of recent sediment trace metal data available for Lake 
Ontario. Mudroch et al. (201) summarized data from several studies covering 
three years of collection (1976, 1980, 1983) as part of a review of Ontario 
MOE dredge spoil guidelines. Their findings for depositional (i.e. offshore) 
basins in Lake Ontario are given in Table 54. Provided· for comparison are 
levels of trace metals in suspended sediment from the Niagara River (176). 
While the data provided by Mudroch et al. (201) are of limited utility to this 
report, as no supplementary information pertaining to sampling location was 
provided, they do provide some indication of sediment trace metal levels 
encountered in the depositional basins of Lake Ontario. 
All metals in surficial (<3 em) sediments listed in Table 54 exhibit 
maximum levels in excess of Ontario MOE open water disposal guidelines. For 
iron, nickel and copper, minimum reported concentrations exceeded these 
guidelines. According to U.S. EPA Guidelines for the Pollutional 
Classification of Great Lakes Harbor Sediment (202), maximum sediment 
concentrations of all metals except cadmium indicated heavily polluted 
sediment. Minimum levels of iron, nickel, copper and zinc also indicated 
moderately to heavily polluted sediment. With the exception of chromium, mean 
total metal concentrations in suspended sediment from the Niagara River in 
1981 and 1982 fell within the range of bottom sediment results and, without 
exception, these mean concentrations all exceeded the Ontario MOE guideline. 
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FIGURE 76. 
«>. 
:u. � 39. 
JS. 
. . . . . .  
Rochf-'!ster 
+q 0 km 40 
..... 
LOCATION OF OFFSHORE SEDIMENT SAMPLING SITES IN LAKE ONTARIO. 
Source: Reference (1 78). 
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TABLE 53 
CONCEN TRATIONS ( ng / g ) OF SELECTED SPUR IOUS COMPOUNDS FOUND AT SELECT S I TES 
I N  LAKE ONTARIO S EDIMENTS , 1 980 
1 5  1 8  20 2 1  
Ch 1 orobenzen e s  
3 C l  Tr 9 9 1 . 0 
4 C l  1 4  49  36  2 . 5  
5 C 1  ' 22 23 24 2 . 0  
6 Cl  89 52 58 7 . 7  
Ch l oroto l uenes  
3 Cl  
5 C l  2 1  1 2  28 26 
Ch l oro s tyrenes 
6 Cl  1 2  
7 C l  1 3  Tr  1 8  
8 C1  1 6  0 . 3  49 
Mi rex 20 37 1 7  
Photomi rex + + + Tr 
Di c h l oro < tr i f l uorome thy l ) -« ,  
«-d i f 1 uorod i pheny l methane 0 . 4  
Di c h l oro ( tri f l uorome thyl )-
benzophenone 1 . 1 
Hexach l orobutadi ene Tr Tr 
Ch l orodi benzofuran s 
6 C 1  + 
7 Cl  + 
8 C 1  + + 
Ch 1 oroph enan threnes 
4 Cl  
5 C 1  + + + 
6 C 1  + + 
Ch l oropyren e s  
9 C 1  + 
1 0  C l  + + 
Ch l oronaphtha l en e s  + + + 
PCBs + + + 
Tr = Trace abundanc e ; . + = Detec ted but not quant i fi ed .  
Source :  Referen c e  ( 1 78 ) . 
S I TE NUMBER 
22 23 24 25 34 -36 
1 5  80 1 0  4 . 7  
1 3  47 1 1  1 5  1 2  
4 . 3  1 4  5 . 6  2 1  Tr 1 6  
1 7  47 5 1  47 1 0  65 
1 . 5 T r  Tr  Tr  
7 . 2  28 1 1  1 3  2 9  
5 . 9  
5 . 6 8 . 8 0 . 1  
1 2  2 . 2  22 1 . 5 0 . 3  
Tr 62 8 . 2  1 6  
+ + + + + 
0 . 8  
1 . 4 
8 . 7  Tr 




+ + + + 
+ + + + 
+ + 
+ + + + + 
+ + + + + 
38 39 40 
Tr 7 1  Tr 
88 Tr 
Tr 32 
57 7 . 6  
6 . 5  3 . 8  
7 . 5  




0 . 6 








Trace  Con tami nants  i n  Near s hore Sed i ment s  
I n  contra s t  t o  offs hore s ed i men t s , comparat i ve l y  l i tt l e work has  been  
undertaken on contami nant  d i s tr i but i on i n  n ears hore s ed i ment s . The mos t  
exten s i ve work was undertaken by Ontar i o MOE i n  1 98 1 . Twenty-fi v e  
tran s ec t s , extend i ng around t h e  Ontari o s hore l i n e from t h e  N i agara R i ver  
to  Ki n g s ton , were s amp l ed at sound i ng depth s of 2 ,  5 ,  1 0  and  20 m ( F i g . 
7 7 )  ( 203 ) and ana l yzed for PCB s , HCB , heptac h l or ,  a l dr i n ,  p , p • -DDE , mi rex  
and OCS . Of the  pos s i b l e  1 00 s amp l i ng s i te s , on l y  3 9  h ad s ed i ment  
s u i tab l e  for ana l ys i s .  Contami nant l ev e l s were , i n  genera l , very l ow 
( Tab l e 5 5 ) . PCB s  were more wi des pread i n  d i s tr i but i on , detected i n  1 4  of 
39 s ed i ment s amp l e s  ( 203 ) . 
The reg i on d i s p l ayi ng  the  h i ghest  contami nant concentrat i ons  was 
a l ong the we s tern s hore of the Ki ngston bas i n ( F i g .  7 8 ) . PCBs  wi t h i n 
Pri nce  Edward Bay ( tran s ect  24)  reached 240 ng/g  at the  20-m depth , 
coi n c i dent  wi th e l evated l ev e l s of p , p • -DDE ( 34 ng/ g ) , mi rex ( 6  n g / g )  and 
HCB ( 8  ng/g )  ( 203) . The  ori g i n of the e l evated PCB l ev e l s i n  s ed i ment s  
i s  u n c l ear , a s  there  are n o  obv i ou s  l oca l  sourc e s . I t  i s  pos s i b l e that 
the  h i gh organ i c matter of the s e  s ed i ments  i s  s c aveng i ng  PCB s  from the  
water col umn . A l ternati ve l y ,  fi ne  s ed i men t s , a l ready contami nated wi th 
PCBs , are b e i ng  depos i ted i n  th i s re l ati ve l y  q u i e s c ent  area after  be i n g  
tran s ported from some d i s tant sourc e . 
Add i t i ona l  ana l ys e s  were performed on s amp l es from tran s ec t s  2 2  to 24 
i n  l i ght of t h e s e  fi n d i ngs  ( Tab l e 5 6 ) . The  20-m s amp l e s  from tran s e c t s  
23 a n d  2 4  contai n ed e l evated l ev e l s o f  numerous  compou n d s , i n  part i c u l ar 
p , p • -DDD , endr i n and a-c h l ordane ( 203 ) . 
Severa l  s i tes  i n  the  western end of Lake Ontari o a l so  dj5 p l ayed 
e l evated PCB concentrati ons , parti c u l ar l y offs hore of Oakv i l l e Creek 
( 2 1 0  ng/g ) , Port Dal hou s i e ( 1 3 1 ng/g )  and southeas t  of Hami l ton  Harbour 
( 1 08 ng/g ) . On l y  the s amp l e col l ected offs hore of Port Dal hou s i e 
< tran s ect  2 ,  20-m depth ) d i s p l ayed e l evated l ev e l s of s evera l  other  
contami nants  ( HCB , mi rex , OCS ) ( 203 ) . 
As wi th trace organ i c  con tami nant s , l ev e l s of trace metal  
contami nants  i n  n ears hore s u rfi c i a l  s ed i ments  were h i g h e s t  at s tat i on s 
n ear Oakv i l l e  Creek , Toronto and Pri nce  Edward Bay , parti c u l ar l y  at  the  
20-m depth  wh ere s ed i men t  accumu l at i on s  were more · l i ke l y  to  be  
encountered . Tho s e  meta l s mos t  frequent l y  i n  e x c e s s  of the  Ontari o MOE 
open water d i sposa l  gu i d e l i n e were i ron and copper wi th e xceedences  
rang i ng from 30-40% ( Tab l e 57 ) .  Other metal s e xceeded the  g u i d e l i ne s  at  
a frequency of < 1 5% and had mean l ev e l s l e s s  than the i r respect i ve  
Ontari o MOE gu i de l i n e .  
When  trace metal  l ev e l s i n  s ed i ment from the  depos i t i ona l  bas i n s were 
compared to tho s e  i n  the n ears hore zon e  and i n  s e l ect  harbou r s , l i tt l e 
d i fference  was fou nd i n  concen trat i on s . For examp l e ,  max i mum s ed i ment 
trace metal  con cen trat i on s  i n  the  Ontari o nears hore zone were l es s  than 
the max i mum reported concentrat i ons  i n  the depos i t i on a l  bas i n s  ( s ee  Tab l e 
54) . For c e rta i n metal s ( e . g .  z i n c  and mercury) , th i s d i fferenc e  was 
more than an order  of magn i tud e .  
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TAB L E  54 
RANGE OF TRACE M E TA L  CONCENTRAT IONS ( �g / g )  I N  SUR F I CIAL 
SEDIMENTS FROM LAKE ONTARIO DEPOSI TIONAL BASINS 
ONTARIO MOE NI AGARA R I V E R  
METAL GU IDELI N ESa M i n i mum Maxi mum SUSPENDED 
S EDIMENTSb 
I ron 1 0 , 000 24 . 1 00 96 , 200 44 , 000 , 37 , 000 
N i cke l 25  2 9 . 99 . 6 1  • 7 3  
Coppe r  25 2 6 .  1 09 .  70 , 57 
Lead 50 7 . 0  285 . 93 , 93 
Cadmi um 1 0 . 1 6 . 2  4 . 7 ,  7 . 3  
Zi n c  1 00 87 . 3 , 507 . 308 , 3 1 8  
Ch romi um 25 8 . 0  1 33 .  1 34 ,  1 20 
Arsen i c 8 0 . 2  1 7 . 0  -
Merc u ry 0 . 3  0 . 1 4  3 . 95 -
a .  Ontari o MOE open water d i s po s a l  g u i d e l i ne .  
b .  Mean trace meta l con c e n t ra t i on s  i n  s u spended s e d i ments from t h e  N i agara 
Ri v e r , 1 98 1  and 1 982 , r e s p e c t i v e l y  ( 1 7 6) . 
Sou rc e :  Reference ( 20 1 ) .  
' TABLE 55 
TRACE ORGAN IC CONTAMI NANT L EV E LS I N  N EARSHORE SEDIMENTS , 1 98 1  
TRANS ECT AND CONCENTRATION 
COMPOUND NO. DETECTIONS DEPTH (m) < na / a )  
Heptach l or 0 
A l dri n 0 
Mi r e x  2 2-20 6 
24-20 6 
Octac h l oros tyrene 2 2-20 2 
1 8-20 1 
p , p ' -DDE 6 1 4-2 1 1  
1 9-20 3 
22-20 9 
23-20 1 8  
24-20 34 
25-20 2 




1 3- 1 0  1 





Sou rc e :  Reference ( 203 ) . 
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TABLE 56  
TRACE ORGANIC CONTAMI NANT LEVELS ( ng / g )  I N  SURF ICIAL SEDIMENTS 
AT SELECT N EARSHORE STATIONS , 1 98 1  
a 
DETECTION STATION NUMBER . 
COMPOUND LIMIT  2 2-:-20 23- 1 0 23-20 24-20 
PCBs 20 1 88 69  76  240 
Hexach l orobenzene 1 3 ND  3 8 
Heptach l or 1 ND ND NO  ND 
A l dr i n 1 ND ND ND ND  
p , p ' -DDE 1 9 ND 1 8  34 
Mi rex  5 ND ND  ND  6 
Octach l oro s tyrene 1 - - - -
a.-BHC 1 ND ND 1 4 
L i ndane 1 ND ND 1 3 
y-BHC 1 ND ND  ND 1 
a.-c h l ordane 2 2 5 2 9 
y-c h l ordane 2 3 ND ND ND 
oxyc h l ordane  2 ND ND ND  ND  
o , p-OOT 5 ND NO  ND  ND 
p , p-DDD 5 ND ND 1 6  42 
p , p-DDT 5 ND ND ND ND  
Methoxych l or 4 ND ND ND ND 
a.-endo s u l fan 2 ND ND ND ND 
B-endo s u l fan 4 ND ND ND  ND  
Endo s u l fan s u l phate 4 ND ND ND 9 
H eptach l or epox i de 1 ND ND ND 3 
Di e l dri n  2 ND ND  3 5 
Endri n 4 ND ND 2 1  2 9  
a .  Stati ons  a r e  depi cted i n  F i gure  7 7 . ND = not detected . 
Source : Referenc e  ( 203 ) . 
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FIGURE 77. LOCATION OF NEARSHORE SEDIMENT TRANSECTS IN LAKE ONtARIO. 
Source: Reference (203) . 




Units as concentration (ng/g ) and depth (m) 
Detect ion limit = 20 ngJg 
LEVELS OF PCBs IN NEARSHORE SURFICIAL SEDIMENTS. 
Source: Reference (203) . 




METAL GUIDELINE MINIMUM MAXIMUM 
I ron 1 0 , 000 2 ,000 28 , 000 
Ni ckel 25 1 . 5 56 
Copper 25 1 . 4 67 
Lead 50 1 . 5 1 1 0 
Cadmi um 1 <0.  1 4 . 1  
Z i nc 100 2 . 5  290 
Chromi um 25 <3 . 0  1 20 
Arseni c 8 0 . 4  1 4  
Cobal t 50 < 1 . 3  1 2  
Mercury 0 . 3  <0 . 01 0 . 43 
a .  Ontari o MOE open water d i sposal guidel i ne .  
b .  Stat i ons  are depi cted i n  Fi gure 77 . 
TABLE 57 
TRACE METAL CONCENTRATIONS (pg/g) IN SURFICIAL 
SEDIMENTS FROM THE NEARSHORE ZONE OF LAKE ONTARIO, 1 981 
NO. OF 1. EXCEEDING b 
MEAN :t: S . D .  SAMPLES GUIDEL INE EXCEEDENCES <TRANSECT-DEPTH <•> > 
9 , 860 :t 6 , 540 39 39 1 -20 , 2-20 , 3-2 , 3-5 , 4- 1 0 , 5-20 , 6-1 0 , 6-20 , 
8-20 , 1 0-20 , 1 1 -20 , 1 3-5 , 22-20 , 23-20 , 24-20 
8 . 9  :1:: 1 1 . 00 37 5 8-20 , 24-20 
1 4 . 4  :t 1 8 . 82 39 32 6-20 , 8-20 , 1 1 -20 , 23-20, 24-20 
1 6 . 7  :t 24 . 58 38 8 8-20 , 1 1 -20 , 24-20 
<0 . 6  :t 0 . 87 40 1 0  8-20 , 1 0-20 , 23-20 , 24-20 
54 . 7  :t 65 . 74 38 1 3  5-20 , 6-20 , 8-20 , 23-20 , 24-20 
< 1 8 .  1 :t 21 . 49 40 1 5  6-20 , 8-20 , 1 0-20 , 1 1 -20 , 23-20, 24-20 
3 . 4  :t 2 . 93 40 8 8-20 , 1 2-20 , 24-20 
<3 . 9  :t 2 . 68 39 0 
<0 . 06 :t 0 . 09 38 5 8-20 , 24-20 
Reported l ev e l s of  many of the  metal s from h arbour and embayment  areas 
a l so  fel l wi th i n the  range of data for depos i t i ona l  bas i n s .  For examp l e ,  mean 
l ev e l s of s ed i ment-a s soc i ated copper , mercury ,  chromi um and z i nc  i n  Toronto ' s  
i nner  h arbour and the  H umber  Bay embayment area were a l l wi th i n the  range of 
data  for offs hore s ed i ments  ( s ee  d i s c u s s i on b e l ow for spec i fi c  nears hore 
areas ) .  On l y  average l ead conc entrati on s i n  Toronto ' s  i nner  harbour exceeded 
the  max i mum reported offs hore con centrati on . I n  contra s t ,  s ev eral  s ed i ment 
trace metal conc entrati o n s  i n  H ami l ton Harbour , averaged for 1 975-80 , exc eeded 
the  max i mum reported offs hore v a l ue  ( i . e .  coppe r ,  l ead , cadmi u m ,  c hromi um and 
arsen i c )  ( 60 ) . Wh i l e  other trace meta l s ( i ron , n i ckel , z i n c )  reported mean 
conc entrat i o n s  wi th i n the range of offshore data , s pec i fi c  s h a l l ow reg i on s  
wi th i n  t h e  harbour contai ned con centrati on s o f  t h e s e  meta l s whi ch  e xceeded 
max i mum .offs hore l ev e l s .  
Wh i l e  i t  may b e  con c l uded  that , on the  b a s i s of avai l ab l e data , there are 
no marked d i fferenc e s  i n  trace meta l  concentrat i on s  b etween the offs hore 
s ed i ment  and nears hore and embayment areas , i t  i s  more probab l e  that the 
ex i s t i ng  data bas e i s  i nadequate , parti c u l ar l y  for offs hore s ed i ment s . 
Con s equent l y ,  s uch  compari sons  are i nappropri ate and may produce  mi s l eadi ng 
res u l t s . 
No comprehen s i ve ana l ys i s of trace contami nan t s  i n  s ed i ments  a l ong the 
U . S .  n earshore zone was undertaken a s  part of the  1 98 1 -82  i n ten s i ve years 
p rogram ; howeve r , s ed i ment  ana l ys e s  were conducted at  three s i te s  
(O l cott / E i ghteen  M i l e  Creek , Roc h e s ter/Gene s e e  Ri ver  a n d  Wi n e  Creek near 
Oswego) for an exten s i ve l i s t of trace organ i c  and meta l  con tami nan t s . Th e s e  
s i tes  were s amp l ed a s  part of  a Great Lakes bas i nwi de  i n i t i at i v e  by U . S .  EPA 
to e s tab l i sh b a s e l i ne data of contami nant l ev e l s i n  ri ver  and harbour 
s ed i ment s  ( 204) . For purpo s e s  of th i s report , on l y  re s u l t s  from s amp l i ng 
s i t e s  c l o s e s t  to the  ri ver  or harbour mouth are pres ented , a s  these  s i tes  
l i ke l y  repres ent  contami nant l ev e l s a s soc i ated wi th s ed i ment  enteri ng the  l ake . 
I n  tota l , s ed i ments  were ana l yzed for 1 3 1 organ i c compoun d s  i nc l ud i ng 
organoch l or i n e  p e s t i c i des , PCBs , vol ati l es and s emi vol at i l e > .  For a comp l ete 
l i s t i ng  of compoun d s  and the i r respec ti v e  detect i on l i mi t s , see Referen ce  
( 204) . Concentrati on s of trace  organ i c  compound s found  i n  bottom s ed i men t s · 
from the  three s tudy areas are pres ented i n  Tab l e s  58  and 59 . Wh i l e  compound 
detecti on frequency was great e s t  i n  the  Gen e s ee Ri v e r , the  concentrati ons  of 
compo�nds  i n  E i ghteen  Mi l e  Creek were s u b s tanti a l l y  h i gher , often by more than 
an order  of  mag n i tude . Whi l e  th i s may i nd i cate greater l oad i ng s  to E i ghteen 
M i l e  Creek , s ed i ments  i n  th i s area had s u b s tanti a l l y  h i gher  l ev e l s of organ i c  
matter ,  a s  i nd i cated by measures  of percent l os s  on i gn i t i on and COD . Hen c e ,  
i nc reas ed concentrati on s o f  trace organ i c con tami nants  i n Ji ghteen  M i l e  Creek 
may refl ect  s ed i ment  type rather than l oad . 
Sed i ments  from E i ghteen Mi l e  Creek were a l so  general l y  h i g h e s t  i n  trace 
metal  content , a l though d i fferenc e s  i n  con c entrati on s among the three s tudy 
areas were not as marked as they were for trace organ i c s  ( Tab l e 60) . Trace 
metal  concentrat i on s  i n  bottom s ed i ments  from the three N ew York s i t e s  were 
l ower than Ontari o harbours and embayments , but  were wi th i n the range of data 
for the  Ontari o MOE nears hore s ed i ment s u rv ey ( s ee  Tab l e 5 7 ) . 
Ki z l aus ka s  et  a l . ( 204) c l as s i fi ed the  s i tes  a s  be i ng of  l ow ,  moderate or 
h i gh pol l u tant s tatu s bas ed on U . S .  EPA gu i d e l i n e s  ( 202 ) . For tho s e  
parameters  not cov ered by t h e  gu i d e l i n e s , the  authors re l i ed o n  a qua l i tat i v e 




SEDIMENT CONCENTRATIONS OF PCBs AND ORGANOCHLORINE  PESTICI DES I N  
EIGHTEEN MI LE  CREEK , GENESEE RIVER AND WI N E  CREEK . 1 98 1  
EIGHTEEN MI LE CREEK GEN ESEE RIVER 
AT OLCOTT AT ROCH ESTER 
WEST BANK EAST BANK 
W I N E  CREEK 
VARIABLE ( nq/q)  0 . 1 km 0 . 6  km 0 . 6  km 0 . 0  km 0 . 4  km 
Aroch l or 1 242 W20 . ( W20 . ) W20 . 
Aroch l or 1 248 20 . ( 40 . ) 46 . 1 9 .  
Aroch l or 1 254 1 3 .  ( 20 . ) 50 . 1 2 .  
Aroch l or 1 260 7 .  ( 1 5 . )  25 . 4 .  
o , p-DDE 1 .  ( 2 . )  7 .  
p , p ' -DDE 1 .  ( 1 . ) 4 .  
o , p-DDD H l . ( W l  . ) 3 .  
p , p ' -DDD 1 .  ( 2 . )  
o , p-DDT 6 .  
p , p ' -DDT 3 .  ( 3 . ) 1 1 .  
y-c h l ordane 1 .  ( 1 . ) 6 .  
Oxych l ordane  1 0 .  
H eptach l or epox i de 2 .  
B-BHC H l . ( W l  . ) 1 .  
y-BHC 
Hexac h l orobenzene H l . ( W l . )  2 .  W l . 
Methoxych l or 1 3 .  
Ch l ortha l d i methy l  ( W l . )  5 .  H l . 
a.-Endo s u l fan W l . 
B-Endo s u l fan 3 .  
Di e l dr i n H l . ( W l . )  2 .  W l . 
A l dri n ( 1 . )  2 .  
'' W "  mean s concentrat i on was b e l ow s tated l ev e l , wh i ch was the mi n i mum i ns trument res pon s e  l ev e l � 
B l ank = not detected = no i n s trument respon s e  at a l l .  
Repl i cate val u e  i n  parenth e s e s . 
D i s tances  are km upstream of r i ver  mouth . 
Sou rc e :  Reference ( 204 ) . 
( 1 0 . )  446 . 
( 9 . ) 2 60 .  
( 4 . )  65 . 
7 .  
H l . 
1 .  
49 . 
5 .  
( 1 . ) 2 .  
( ) 5 .  
( W l . )  H l . 
( W l . )  2 .  
( W l . )  5 .  
N 0 w 
T ABLE 59 
ORGAN I C  COMPOUNDS I DENT I F I E D  I N S E D I MENT S I N  E I GH T E E N  M I L E C R E E K , 
GENESEE R I VER , AND W I N E  CREEK , 1 981 
E I GHT E E N  M I LE. 
AT OLCOl T  
VAR I AB L E  ( na / CJ )  0 . 1  km 
Po l ynuc l ea r  A roma t i c  Hydroca rbons 
Naphtha l ene 1 20 .  
Anth rac ene/ Phenanthrene 300 . 
F l uo rene 4 0 .  
f l uoranthene 280 . 
Acenaphthene 
Pyrene 240 . 
Ben z o ( a ) pyrene 
C h rysene/Be n zo ( a ) a nth racene !iOO . 
Phtha l ate E s ters 
D 1 et h y l  phth a l ate 40 . 
D i me t h y l  phtha l a te 
D i -n-butyl phtha l a te b20 . 
B l s ( 2 -ethy l hexy l ) phtha l a te 4b0 . 
Buty l ben z y l  phtha l ate 
- Ch l o r i nated a l l phat l c s  
Hexac h l o robutad l ene 
C h l o r i na ted a roma t i c s  
1 , 2 , 4 - t r l c h l oroben zene 
C h l o r i nated ethanes 
1 , 1 , 2 , 2 - t e t rac h l oroethane 2 7 . 2  
C h l o r i nated ethyl enes 
T ri c h l o roethene 51 . 1  
Aroma t i c s  
T o l uene 
E t h y l  benzene 
Benzene 
Ha l omethanes 
D 1 c h l o romethane 
T r i c h l oromethane 22 . 8  
Pheno l i c s  
p - t -butyl pheno l 
B l a n k  = not d e t e c ted . 
Rep l i c ate va l ues 1 n  parenthese s . 
D i s t a nc e s  a re km u p s t ream of r i ver mouth . 
CREEK GENESEE R IVER 
1\T ROCHES T E R  
WEST BANK EAST SANK 
D . b  km O . b  km 0 . 0  
( 4 0 . )  230 . 1 0 .  
20 . ( 30 . )  2 2 1 . 1 0 .  
40 . ( ) 4 0 .  1 0 .  
20 . ( 1 7 0 . )  900 . 
( 1 0 . )  220 . 
1 b0 .  ( 1 00 . )  bOO . 
1 , 400 . 
420 . ( 300 . ) 2 , 300 . 
40 . ( 30 . )  4 0 .  
70 . ( 7 0 . )  bOO . 
490 . ( 2 30 . )  4 0 .  
40 . ( 40 . )  1 00 .  
40 . ( ) 1 0 .  
1 b0 .  
5 .  
1 2 .  
1 , 000 . 
W I N E  C R E E K  
km 0 . 4  km 
( ) 20 . 
( 30 . )  2 0 . 
( ) 
( 1 0 . )  
( 1 0 . )  
4 0 .  
bO·. 
( 3 . )  
( 1 5 .  ) 20 . 
TABLE 60 
S EDIMENT CONCENTRATIONS OF SOME CONVENTIONAL POLLUTANTS AND TRACE METALS IN 
E I GHTEEN MI LE CRE EK ,  GENESEE RIVER AND WINE CREEK , 1 98 1  
EIGHTEEN M I LE CREEK GENESEE RIVER WINE CREEK 
AT OLCOTT AT ROCH ESTER 
WEST BANK EAST BANK 
VARIABLE (uQ/Q)  0 .  1 k.m 0 . 6  k.m 0 . 6  k.m 0 . 0 k.m 0 . 4  k.m 
Total  So l i ds (�) 47 . 1  62 . 2  65 . 3  73 . 6  54 . 3  
1 Los s  on I gn i ti on 9 . 5  3 . 2  3 . 9  0 . 9  3 . 7 
coo 1 20 , 000 32 , 000 3 6 , 000 26 , 000 52 , 000 
I ron 1 9 , 000 23 , 000 2 1 , 000 1 4 ,000 7 , 200 
N i ck.e l  25  2 5  2 3  9 . 6  5 . 9  
Copper 1 1 0 30 � 5 1  1 6  7 . 3  
Lead 230 24 67 42 9 . 2  
Cadmi um 0 . 4  1 . 0 4 . 1  W0 . 2  0 . 3 
Z i n c  320 1 00 1 70 33  39 
Chromi um 60 20 24 8 . 3  5 . 0  
Mercury 1 . 9 0 . 1  0 . 3  WO . l  wo . 1 
Boron WB . O  WB . O  wa . o  wa . o  WB . O 
Bari um 290 82 1 00 36  62 
Cobal t 1 1  1 0  9 . 0  4 . 1  2 . 6  
L i t h i  urn 30 26 24 1 8  5 . 6  
Manganese  400 580 390 860 340 
_ Mo l ybdenum W l . O  W l . O  1 . 2 W l . O  W l . O  
S i l ver  0 . 7  4 . 8  1 4  W0 . 3  W0 . 3  
Ti n 1 3  W4 . 0  4 . 7  W4 . 0  4 . 2  
"W"  means conc entrati on was be l ow s tated l eve l  wh i ch was the mi n i mum i ns trument respons e  l eve l . 
Sourc e : Referenc e  ( 204 ) . 
compar i son wi th  res pect  to concentrati ons obs e rv ed by them i n  other Great 
Lakes  harbour and r i v e r  s ed i ments . Based on th i s a s s e s smen t ,  Ki z l auskas  et 
a l . { 204) con c l uded that the down stream end of E i ghteen M i l e  Creek wa s h i gh l y  
pol l uted i n  conv enti onal  pol l u tants  and trace meta l s but  l owl y pol l uted wi th 
respect to trace organ i c contami nants . Sedi ments  i n  the  Genesee  Ri ver  were 
found to hav e  l ow to moderate l ev e l s of  conv enti ona l  and trace meta l  
pol l utants  and l ow l ev e l s of trace  organ i c  po l l u tants . W i n e  Creek was 
genera l l y  l ow i n  a l l po l l u tant  l ev e l s .  
Trace Organi c Contami nants  i n  the  Water Col umn 
Amb i ent  l ev e l s of trace organ i c { and meta l ) contami nants  i n  the  offshore 
waters  of  Lake Ontari o are genera l l y  the  resu l t  of  anthropogen i c l oad i ng s  and 
i ntern a l  r e l ease  from res u s pended s e d i ments , ame l i orated by s ed i men ta t i on 
l os s e s  and s u b s equent  bur i a l , downs t ream trans port , b i o l og i c a l  uptake and , for 
trace organ i c s , l os s e s  by vol at i l i zati on and /or degradati on of compounds . 
Ol i v er { 205 ) determi ned that 80-96% of the  N i agara R i ver  l oad i ng of 
c h l orobenzenes  to Lake Ontari o i s  l os t  from the  l ake through vol ati l i zati on 
{ Tab l e 6 1 ) .  Lower order c h l orobenzen e s , h av i ng h i gher  water  so l u b i l i t i e s and 
vapour pres s ures , exh i b i ted the greatest  tendency to vo l at i l i ze { 205 ) . 
Neverthe l es s , vo l at i l i zat i on l os s e s  for HCB were s u b s tant i a l  ( 80%) , de sp i te 
hav i ng  the l owes t  water so l u b i l i ty of  th i s  group of  compounds  and the greatest 
tendency to adsorb onto parti c u l ate  matte r .  Mackay a n d  Wol koff ( 206)  have 
d emon strated that c h l ori nated hydrocarbon s ,  a l though of l ow so l u b i l i ty ,  can 
d i s p l ay h i gh  rates of evaporati on due  to h i gh act i v i ty coeffi c i ents . For 
examp l e ,  wh en Thomas et a l . { 207 ) attempted to compute a mas s  bal ance  for 
s ed i ment-bound PCBs  i n  Lake Ontari o ,  they found that more than 80% of the  
i nput l oad remai ned u naccounted for after s edj men tat i on and outf l ow l os s e s  had 
been  cons i dered , s ugges t i ng  vo l at i l i zati on of that fract i on of  the  l ake ' s  PCB 
conten t .  
Amb i ent  concentrati on s i n  the  offshore waters o f  Lake Ontari o are 
extreme l y  l ow and on l y  recent stud i e s , u s i ng i mproved s amp l i ng and ana l yti cal  
methodol ogy , have produced  re l i ab l e determi nat i on s of the i r l ev e l s .  
B i berhofer and Stev e n s  { 208 ) reported the  concentrat i on s of ch l orobenzen es , 
organoc h l ori n e  pe st i c i des  and PCBs i n  s u rface  ( 1  m)  who l e water s amp l e s ( 36 L )  
for 1 4  s ta t i on s  i n  Lake Ontar i o .  Samp l i ng l ocati ons a r e  pres ented i n  F i g .  79  
and res u l t s  i n  Tab l e  62 . Wh i l e  the  dens i ty of s tati on s was i n s u ffi c i ent to 
prov i de  a mean con c entrati on of a contami nant wi th i n the  l ake , i t  d i d  prov i de 
a rang e  of concentrat i on s  repres entati v e  of the  offshore waters . The 
organoch l ori ne  con tami nants  detected i n  th i s study can be  grouped i nto two 
g eneral  categori e s : tho s e  whos e  u s e  or p roduct i on has  been  l arge l y  
d i s cont i nued  { i . e .  t h e  majori ty of  organoch l ori ne pe st i c i d e s , and PCBs ) ,  and 
tho s e  who s e  p re s en c e  i n  the l ake i s  a con s equence  of ongo i ng  l os s es  i n  the 
man u facture / u s e  of the  compound ( i . e .  c h l orobenzenes , methoxych l or ,  c h l ordan e ,  
l i ndane ) . 
Conc entrat i ons  of BHC i somers  were con s i derab l y  h i g h e r  than t h e  oth er 
organoc h l or i n e  p e s t i c i des , often by more �han an  o;der of mag n i t�de . H i g he st  
conc entrat i on s  were reported for �-BHC , w1 th a med 1 an concentrat 1 on of 6 . 86 
n g /L .  Th i s  i s  equ i v a l ent  to a who l e l ake quanti ty of approx i mate l y  1 1 , 300 
kg . L i ndane  was the  on l y  other contami nant to exh i b i t a medi an con centrati on 
greater than 1 ng/ L  ( 1 . 26 n g / L  ?r 2 , 1 00 kg ) ,  test � f�i ng a s  to �he  extreme 
pers i s tence  of BHC i somers . N e 1 ther compound exh 1 b 1 ted an obv 1 ou s  sourc e ,  
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TABLE 6 1  
ANNUAL CH LOROBENZENE  INPUTS AND LOSSES 
FROM LAKE ONTARIO ( kg / a )  
1 , 4-d i CB 1 , 2 , 4-tri CB 1 , 2 , 3 , 4-tetraCB 
N i agara R .  Load i nga 5800 2400 7 60 
Sed i ment  Load i ngb 76  25 1 6  
St . Lawrence R .  Load i n gc 1 80 74 1 5  
Unaccounted for Materi a l  5500 2300 730 
-as percent  95 96 96  
a .  Ca l cu l ated from med i an con centrati ons  for 1 98 1 -83 ( 1 73 ) . 
b .  Ca l cu l ated from s e d i ment trap meas u rements  May-Nov . 1 98 1  and  1 982 . 
c .  Ca l cu l ated from meas u rements  i n  October 1 983 . 
CB = c h l orobenzene . 
Sou rce : Referen c e  ( 205 ) . 
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PentaCB HexaCB 
240 1 20 





0 - stat ions sampled by Biberhofer and Stev�ns (Reference (208) ) .  
Q - stat ions sampled by Ol iver (Reference {205) ) .  





COMPOUND 1 8 
1 , 3-d 1 CB NO NO 
1 , 4 -d 1 C8 NO NO 
1 , 2 -d 1 CB NO NO 
1 , 3 , 5 -t r 1 C8 NO NO 
1 , 2 , 4 -t r 1 C B  O . O!i9 0 . 1 39 
1 , 2 , 3-t r 1 C B  0 . 084 0 . 1 1 1  
TetraC8 2 0 . 07 1  O . O!i1 
1 , 2 , 3 , 4 -TetraCB 0 . 037 0 . 1 25 
PentaCB 0 . 04 2  0 . 095 
HC8 O . O!i8 0 . 089 
�-8HC !i . 94 8 . 08 
Li ndane 1 . !iii 1 .  85 
Oxych 1 o rdane 0 . 263 0 . 1 79 
Heptac h l or Epox 1 d e  0 . 37 5  0 . 264 
�-Ch l ordane 0 . 035 0 . 04 1)  
y - C h l o rdane 0 . 048 O . O!i 2  
0 1 e l d r 1 n  0 . 4 51) 0 . 527 
Endr1 n 0 . 1 23 0 . 1 31 
Photom1 rex NO NO 
M1  rex NO NO 
Methoxyc h l o r  O . O!iO 0 . 058 
Tota l OOT 0 . 2!i4 0 . 27 1  
Toxaphene NO NO 
Tota l PCB 3 . 1 00 0 . 580 
CB = c h l orobe n zene . 
TetraC82 = 1 , 3 , 2 , 5 -TeCB + 1 , 2 , 4 , 5 -TeCB . 
NB = not detec ted . 
Sourc e :  R e r e rence ( 208 ) . 
2 1  
N O  
N O  
N O  
N O  
0 . 1 !i3 
0 . 1 33 
NO 
0 . 081 
0 . 097 
0 . 09 5  
7 . 7 8  
1 . 1 8  
0 . 21 3  
0 . 31i2 
0 . 022 
0 . 050 
0 . 4 53 
0 . 083 
NO 
NO 
0 . 05 2  
0 . 1 07 
NO 
0 . 830 
TABLE li2 
LEVELS OF ORGANOCHLOR INE CONTAMINANTS ( ng/L)  I N  
LAKE ONTARIO SURFACE WATERS , 1 983 
STAT I ON NUMBER 
24 3 1  3 5  4 0  5 7  7 1  7 4  
N O  NO NO NO NO NO NO 
NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO 
0 . 07 9  N O  0 . 04 1i  N O  NO NO NO 
0 . 1 85 0 . 1 24 1 . 31i0 0 . 1 41 0 . 1 28 0 . 1 1 7  O . li47 
0 . 1 40 0 . 051i O . !i7 2  0 . 024 0 . 0 5 1i  0 . 05 5  O . O!i5 
0 . 024 NO 0 . 322 0 . 020 0 . 009 0 . 035 0 . 024 
0 . 082 0 . 037 0 . 57 2  0 . 081i 0 . 057 0 . 058 0 . 091 
0 . 053 0 . 028 0 . 220 0 . 031 0 . 031 0 . 031 0 . 054 
0 . 04 3  O . Oii8 0 . 1 03 0 . 031i 0 . 04 2  0 . 01 7 0 . 033 
4 . 89 8 . 81 !i . 89 7 . 3!i 4 . 31i 7 . 97 !i . 83 
0 . 80!i 1 .  54 1 . 47 1 . 7 7  0 . 83 1 . 0 5  1 . 09 
0 . 1 31 0 . 1 74 0 . 1 56 0 . 1 9 1 0 . 1 33 0 . 1 1i0 0 . 1 89 
0 . 21 1  0 . 24 3  0 . 1 1i7 0 . 301i 0 . 2 2 2  0 . 299 0 . 374 
0 . 008 0 . 01 4  0 . 01 4  0 . 04 1  0 . 01 7  0 . 008 0 . 008 
0 . 033 0 . 048 0 . 04 3  0 . 04 5  0 . 028 0 . 04 2  0 . 029 
0 . 259 0 . 631 0 . 352 0 . 47 0  0 . 32 5  0 . 44 2  0 .  31i1 
0 . 044 0 . 1 29 0 . 051 0 . 1 4 5 0 . 07 1  0 . 089 0 . 07 2 
NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO 
0 . 054 O . O!i9 0 . 08& ' 0 . 081i NO NO 0 . 032 
0 . 1 23 0 . 1 21i 0 . 1 08 0 . 1 01i 0 . 1 5 5 O . O!i9 0 . 01 5  
NO NO NO NO NO NO NO 
1 . 1 40 0 . 840 1 . 01 0  0 . 430 0 . 4 30 0. 700 0 . 320 
78 8!i 90 97 RANGE 
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO NO 
NO NO NO NO ND-0 . 079 
0 . 049 0 . 022 0 . 03 5  O . O!i3 0 . 022-1 . 31) 
0 . 040 0 . 020 0 . 04 8  0 . 008 0 . 008-0 . &7 2  
NO 0 . 009 0 . 000 NO ND-0 . 322 
0 . 01 7  0 . 034 0 . 01 4  NO N0-0 . 572 
0 . 01 9  0 . 037 0 . 01 9  0 . 009 0 . 009-0 . 2 2 0  
0 . 031 0 . 05 2  0 . 034 0 . 01 9  0 . 01 7-0 . 1 03 
4 . 83 li . 53 5 . 78 li . 50 4 . 3&-8 . 81 
1 . 1 1i  l . !iO 1 . 34 0 . 851) 0 . 806-1 . 85 
0 . 208 0 . 1 91 0 . 1 56 0 . 1 4 3 0 . 1 31 -0 . 26 3  
0 . 333 0 . 236 0 . 257 0 . 262 0 . 1 67 -0 . 3 7 5  
0 . 01 0  0 . 020 0 . 01 9  0 . 008 0 . 008-0 . 04 6  
0 . 026 0 . 048 0 . 029 0 . 037 0 . 026-0 . 06 2  
0 . 538 0 . 51 0 0 . 047 0 . 300 0 .  259-0 . &31 
0 . 093 0 . 093 0 . 1 01 0 . 056 0 .  044 -0 . 1 4 5  
NO NO NO NO NO 
NO NO NO NO N O  
0 . 052 0 . 050 0 . 04 0  NO ND-0 . 08& 
0 . 1 7 5 0 . 231 0 . 1 4 5 0 . 1 22 O . O!i9-0 . 2 7 1  
N O  NO NO NO NO 
0 . 430 0 . 87 0  0 . 7 20 1 . 9 20 0 . 32 -3 . 1  
a l though con c entrat i on s  were s l i gh t l y  e l evated offs hore of Toronto 
( s tati on 8 i n  F i g .  7 9 ) . Thi s i s  a d i rect res u l t of the i r ex treme 
pers i s tenc e ,  wi th  mi n i ma l  l os s e s  by vol ati l i zati on , s ed i ment sorpti on and 
chemi c a l  tran s formati on ( 209) . 
D i s tri but i on of PCBs wi th a med i an con c entrati on of 0 . 78 ng/ L  ( or 
approx i mate l y  1 , 300 kg)  s ugges ted s ev eral  sourc e s . The  h i g h e s t  reported 
concentrat i on ( 3 . 1  n g / L )  was at  s tati on 1 ,  approxi mate l y  3 . 6  km east  of 
Hami l ton Harbour , a l though the annua l  l oad of  PCBs from Hami l ton Harbour 
to Lake Ontari o for 1 982-83 has been  e s t i mated at l es s  than 24 kg ( 60 ) . 
Several  other s tati on s had l ev e l s greater than 1 . 0 ng/ L ,  part i c u l ar l y  
s tati on 9 7  i n  B l ack  R i ver  Bay ( 1 . 92 ng/L ) , s tati on 2 4  ( 1 . 1 4  n g / L )  i n  the  
N i agara R i ver  p l ume , and s tati on 35  adj acent to E i ghteen  M i l e  Creek . PCB 
l ev e l s i n  bottom s ed i ments  from the  B l ack R i ver  at Watertown have  been  
reported at  9 1  ng/g  ( Aroc l or 1 242+ 1 254)  i n  1 977 ; 62 ng/g  <Aroc l or 1 254) 
i n  1 97 8 ; and 32  ng/g ( total  PCBs ) i n  1 98 1  ( 79 , 209 , 2 1 0) . Whether the PCBs 
found  i n  the  B l ack  R i v e r  are the resu l t  of l each i ng from s ed i ments  or 
refl ect  act i v e  sources  has not been determi ned . 
L i s ted b e l ow are the  1 978  spec i fi c  Agreement  obj ect i v e s  for 
organoc h l ori ne  p e s t i c i d e s . Wh i l e  amb i ent  con c entrati ons  of total  
c h l ordane , methoxych l or and tox aphene  i n  Lake Ontari o are orders  of 
magn i tude  b e l ow the i r respect i v e  obj ecti v e s , n umerous  oth er  compou nds  
( l i ndane , h eptach l or epox i de , d i e l dri n ,  endri n ,  tota l DDT ) report max i mum 
l ev e l s at on l y  9 to 63% of the i r obj ec t i v e s  ( 208 ) . 
OBJ ECTIVE 
COMPOUND LIMIT ( n a / U  RANGE 
L i ndane 1 0  0 . 806- 1 . 85 
Tota l  Ch l ordane 60 0 . 034-0 . 0 1 8  
H eptach l or/H . epox i de 1 . 0 0 . 1 67-0 . 375  
Oxyc h l ordane  0 . 1 3 1 -0 . 1 63 
Endri n 2 . 0 0 . 044-0 . 1 45 
Di e l dri n 1 . 0 0 . 259-0 . 63 1  
I: DDT 3 . 0  0 . 069-0 . 27 1  
Methoxyc h l or 40 ND-0 . 068 
Toxaph ene  8 NO  
Mi rex DL NO  
DL = detect i on l i mi t NO  = not detec ted 
The  d i s tr i but i on of c h l orobenzenes  i n  s u rface  waters  of Lake On tari o 
prov i ded c l ear ev i dence  of the  N i agara Ri ver  a s  a source  of  th i s group of 
compoun d s . S i x of the  s even  c h l orobenzenes  detected by Bi berhofer and 
Steven s ( 208 ) d i s p l ayed h i g h e s t  concentrat i on s  at s tati on 35  ( F i g s . 80 to 
8 2 ) . Wh i l e  th i s s tati on i s  l ocated approxi mate l y  30 km east  of the  
N i agara R i ver  mou th , s trong  wes te r l y wi nds  were encountered at t i me of 
s amp l i ng .  Under  these  condi t i on s , the  ri ver  p l ume wou l d trav e l  eas t ,  
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STATIONS SAMPLED 
LEVELS OF PENTA- AND HEXACHLOROBENZENES (ng/L) AT CORRESPONDING 
STATIONS. 
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.. 
The d i str i but i ons  of penta c h l orobenzene and HCB s uggest  add i t i ona l  
sourc e s , a s  e l evated concen trat i ons  <�O . l n g / L )  were obs erved off  of Toron to 
( s tati on  8 ,  F i g .  7 9 )  and wes t  of the  _ N i agara R i ver  ( s tati on s 2 1  and 8 6 ) . 
The s e  l atter  two s tati on s may refl ect  i nputs  from Twe l ve  M i l e  Creek and the 
We l l and Cana l . 
Concentrat i on s of  the  l ower order c h l orobenzenes  reported by B i berhofer 
and Stev ens  ( 208 ) s hou l d  be  con s i d ered mi n i mums . A conc urrent s tudy by Ol i ver  
( 205 ) , s amp l i ng at tho s e  stati on s i nd i cated i n  F i g .  7 9 , reported s i mi l ar 
concentrati ons  of  penta c h l orobenzene and HCB but  h i gher  va l u e s  of 
1 , 2 , 4-tri c h l orobenzene and 1 , 2 , 3 , 4-tetrach l orobenzene ( Tab l e 63 ) . The  h i gher  
recov er i e s  of  th e  more vol at i l e  c h l orobenzenes  by Ol i ver  ( 205 ) are l i ke l y  
attri butab l e t o  a s uperi or method o f  concentrati ng s amp l e extracts  ( 208 ) . 
Neverth e l es s , ob served l ev e l s are s ev eral  orders  of mag n i tude  l ower than that 
req u i red to cau s e  a 50% reduct i on i n  pri mary product i v i ty i n  green a l gae ( 2 1 1 ) .  
STATION 1 
N i agara R i ver  









CHLOROBENZEN E CONCENTRATIONS ( ng / L )  
I N  TH E OFFSHORE WATERS OF LAKE ONTARIO 
OCTOBER 1 983  
2 4-tri CB 1 2 3 4-tetraCB Pen taCB 
1 2  3 . 8  ' 1 . 2 
0 . 72 0 . 1 6  0 . 09 
0 . 7 5  0 . 1 6  0 . 08 
0 . 70 0 . 27 0 . 08 
0 . 50 0 . 1 5  0 . 05 
0 . 39 0 . 09 0 . 03 
0 . 34 0 .  1 1  0 . 04 
0 . 40 0 . 08 0 . 03 
0 . 33 0 . 07 0 . 03 
Stati on l ocati ons  g i ven  i n  Fi gure 79 . 
CB = c h l orobenzene . 
Sou rc e : Refe renc e  ( 205 ) . 
HexaCB 
0 . 6  
0 . 1 2  
0 . 08 
0 . 05 
0 . 05 
0 . 03 
0 . 04 
0 . 03 
0 . 03 
Con s i d erab l e d i fferenc e s  are obs erved i n  trace organ i c  contami nant l ev e l s 
i n  the  offshore waters  of Lake Ontari o re l ati v e  to concentrati on s obs erved i n  
the  i ncomi ng  waters  of the  N i agara Ri v e r .  Tab l e 6 4  presents  t h e  med i an 
conc entrat i on s of  PCBs and s e l ect  organoc h l ori ne  pe st i c i d e s  and 
c h l orobenzen e s , as reported by B i b erhofer and Stevens  ( 208 ) and O l i ver  ( 205 ) , 
wi th those  reported by Kuntz and Warry ( 17 5 )  for the  N i agara Ri ver . PCBs , 
«-c h l ordane and a l l c h l orobenzenes  exh i b i ted med i an l ake con cen trati ons  l e s s  
than 1 0% o f  tho s e  obs erved i n  the  N i agara Ri ver , i nd i cati ng the  s i gn i fi cant 
rol e me chan i sms of  l os s  ( i . e .  s ed i mentat i on ,  vol ati l i zati on , degradati on , 
etc . )  p l ay i n  the  remova l  of the se  compounds  from the  water col umn . I n  
contras t ,  l ake l ev e l s o f  l i ndan e , «-BHC and d i e l dri n were greater than 70% 
- 2 1 2 -
TABLE 64 
COMPARI SON OF MEDIAN CONCENTRATIONS ( ng / L )  IN WATER  
OF TRACE ORGANI C  CONTAMI NANTS IN  LAKE ONTARIO 
AND TH E N IAGARA RIVER 
LAKE ONTARIO N IAGARA RIVER 
COMPOUND <OCT . 1 983 )  1 980-82 
PCBs 0 . 78 1 1 . 0 
Li ndane 1 . 2 6  1 . 8 
a.-BHC 6 . 86 9 . 7 
a.-c h l ordane 0 . 0 1 6  0 . 2  
y-ch l ordan e 0 . 043 0 . 3  
H eptach l or epox i de 0 . 2 63 <0 . 1 
D i e l dr i n 0 . 448 0 . 6  
1 , 2 , 4-tri CB 0 . 45 1 2 . 0  
1 , 2 , 3 , 4-tetraCB 0 . 1 3  3 . 8  
PentaCB 0 . 05 1 . 2 
HexaCB 0 . 05 0 . 6  
Sou rc e :  References  ( 1 7 5 , 205 , 208 ) . 
- 2 1 3 -
of N i agara R i v e r  concen trati o n s , wi th heptac h l or epox i de e xceed i ng N i agara 
Ri ver  concentrat i o n s  by more than 1 63% . I n formati on i s  i ns uffi c i ent  to  a s s e s s  
what mech an i sm( s )  ( i . e .  a l ternati v e  source s , d i ffer i ng  rate s  � f  r emov a l , etc . )  
may b e  re spon s i b l e for the  re l at i ve  i nc �ease  i n  the  l ak� of  the s e  l atter  
compoun d s . 
Trace Meta l s i n  the  Water Co l umn 
As w i th trace organ i c contami nan t s , muc h  of the  h i s tor i c a l  data i n trace 
me ta l con c entrat i on s  i n  the  offs hore waters  of Lake Ontar i o i s  con s i dered 
s u s p ec t ,  part i c u l ar l y  a s  qua l i ty a s s uranc e  i n format i on i s  l acki ng . Several  
recent  s t ud i e s , howev er , appear to prov i de r e l i ab l e meas urement s  of  trace 
meta l s i n  Lake Ontari o .  N e i l son  ( 2 1 2 )  reported l ev e l s of total  meta l s from 47 
s tati ons  co l l ected throughout the  water  co l umn dur i ng  three l akewi d e  cru i s e s  
i n  1 97 9 . Res u l ts for t h e  three  s u rv eys are pres ented i n  Tab l e 65 . Cadmi um ,  
l ead , mercury and  s i l ve r  were genera l l y  b e l ow the  detectab l e l ev e l '  dur i ng  a l l 
s u rveys wh i l e  s e l e n i um was u ndetected on l y  i n  the  spr i ng ( 2 1 2 ) . On l y  i ron and 
cadmi um e x h i b i ted max i mum l ev e l s i n  exc e s s  of obj ect i v e s  g i v e n  i n  the 1 97 8  
Agreement ,  b u t  the i r mean concen trati on s were an  order of  mag n i tude  l es s  than 
the s e l ev e l s .  The  copper and n i cke l r e s u l t s  of N e i l son  ( 2 1 2 )  are s u pported by 
tho s e  of Nr i agu et  a l . ( 2 1 3 ) ; howev er , the l atter  s t udy emp l oyed more ' 
s e n s i t i v e  ana l yt i c a l  techn i ques  and prov i ded mea s u rab l e  l evil s of cadmi um and 
l ead ( se e  Tab l e 66 ) �  An add i ti on a l  l akewi d e  s u rv ey ( 55 s tat i on s )  was 
conducted i n · November 1 982  ( 2 1 4) . Res u l t s  are pres ented i n  Tab ] e 67 and , i n  
genera l , s how good agreement  wi th  thos e of N e i l son ( 2 1 2 ) and N r i agu et  a l . 
( 2 1 3 ) . 
N e i l son ( 2 1 2 )  e xami n ed the  spat i a l  v ari abi l i ty of trace metal  data i n  the  
s urface  waters  of Lake Ontari o u s i ng  the reg i ona l i zat i on procedure  of 
E l -Shaarawi and Shah ( 2 1 5 ) . Thi s procedure d i v i ded the  l ake i nto 
s tati s t i c a l l y  ( p  <0 . 20)  d i s t i nc t  zone s  for eath meta l . U s i ng  a rat i ng system 
to as s i mi l ate  the  i nformati on , a compo s i te  zonat i on map was then  prepared 
( F i g .  83 ) . Summary s tati s t i c s  for trace meta l s i n  each zone are pres ented i n  
Tab l e 68 . 
S i mi l ar to the  res u l t s for n u tr i ents , the  mos t  degraded water q u a l i ty wi th 
respect  to trace meta l  concentra t i on s  i s  a nears hore band extend i ng  from 
Os hawa counterc l ockwi s e  around the  wes t ern end of the  l ake to the N i agara 
Ri v e r .  H i g h e s t  average con centrat i on s  of a l umi num ,  c hromi u m ,  copper , i ron , 
mangane s e ,  n i cke l , l ead and z i nc  were encoun tered i n  t h i s zone , refl ect i ng 
i nd u s tri a l  i np u t s  from Toronto and Hami l ton and numerou s tr i b u tary and 
mun i c i pa l  STP d i s c harges . A l oc a l i zed area i mmed i ate l y  offshore of the  
Gen e s e e  Ri v e r  a l so  exh i b i ted e l evated l ev e l s ,  parti c u l ar l y for a l umi num , i ron 
and l ead bu t ,  due  to the  s trong a l ongs hore currents  e n countered a l ong the  
south  s hore , offshore i mpacts  from t h i s source  are rapi d l y  d i l ut ed . 
The obv i ou s  n earshore-offs hore grad i ent  d i s p l ayed by t race  meta l s i n  
s u rfac e  waters  i s ,  to a l arge extent , a refl ect i on of e l evated parti c u l ate 
l ev e l s encountered i n  the  nears hore reg i on s  due  to both i nput s  and 
re s u s p en s i on of bottom materi a l . Nr i agu et a l . ( 2 1 3 ) found  that , wh i l e  the 
concentrati on s  of trace meta l s i n  s u spended part i c u l ates  were reasonab l y  
con s i s tent  throughout the  l ake , i nc reased  l ev e l s of s u s pended materi a l  i n  tne  
nears hore waters  l ed to  h i gh overa l l concen trat i on s  of mos t  trace metal s i n  
t h i s reg i on .  




SUMMARY STATI STICS , BY CRUISE , OF TRACE METALS I N  
LAKE ONTAR IO, 1 979 
CRUI S E  MEAN AND STANDARD DEVIATION (ua / U  
DETECTION MAXIMUM CRUISE  1 : APR I L  30-MAY 4 CRUISE 2 :  MAY 28-JUNE 1 CRUI SE 3 :  AUGUST 2 7 - 3 1  
METAL L I M I T  ( J.ig / L )  VALUE (J.�g / U  X S . D .  N n X S . D .  N n X S . D .  N 
Ag 0 . 1  0 . 8  - 0 0 0 . 1 0  ± 0 . 1 1  1 78 1 2 1  0 . 06 ± 0 . 02 1 70 
A1  1 . 0 260 . 0  1 3 . 5  ± 1 5 . 4  1 80 2 1 3 . 0 ± 2 1 . 2  1 78 0 8 . 3  ± 8 . 5  1 66 
As 0 . 1 1 . 2 0 . 60 ± 0 . 2 1 1 80 1 0 . 57 ± 0 . 28 1 78 0 0 .  72 ± 0 . 1 7  1 67 
Cd 0 . 1 0 . 3  0 . 05 ± 0 . 02 1 80 1 74 0 . 05 ± 0 . 02 1 78 1 77 0 . 06 ± 0 . 03 1 74 
Cr 0 . 2  3 . 2  - 0 0 0 . 62 ± 0 . 40 1 78 1 0  0 . 58 ± 0 . 35 074 
Cu 0 . 1 4 . 5  1 . 2 1  ± 0 . 36 1 80 0 1 . 42 ± 0 . 46 1 78 0 1 . 34 ± 0 . 36 1 74 
Fe 1 . 0 520 . 0  34 . 6  ± 45 . 3  1 80 0 2 5 . 9  ± 43 . 4  1 78 0 1 7 . 2  ± 20 . 0  1 74 
Hg 0 . 05 0 . 1 6  0 . 026 ± 0 . 006 1 80 1 74 0 . 027 ± 0 . 0 1 2 1 78 1 73 0 . 02 5  ± 0 . 002 1 70 
Mn 0 . 1  1 7  . o  1 . 84 ± 1 . 0 1  1 80 0 2 . 00 ± 1 .  6 1  1 78 0 1 .  7 9  ± 1 . 52 1 74 
N i  0 . 1  1 1 . 0 1 . 1 6  ± 0 . 26 1 80 0 1 . 86 ± 0 . 92 1 78 0 1 . 47 ± 0 . 88 1 74 
Pb 0 . 5  3 . 0  0 .  3 1  ± 0 . 26 1 80 1 6 1 0 . 40 ± 0 . 1 9  1 78 84 0 . 39 ± 0 . 25 1 74 
Se 0 . 1  0 . 6  0 . 06 ± 0 . 06 1 80 1 62 0 . 07 ± 0 . 04 1 78 1 50 0 . 1 2  ± 0 . 04 1 67 
Zn 1 . 0 1 3 . 0  1 . 1 ± 0 . 6  1 80 2 1 . 3 ± 0 . 8  1 78 1 4  1 . 2 ± 1 . 2 1 74 
N = Total number of samp l es anal yzed . 
n • Number of s amp l e s  for wh i ch " l e s s  than detec t i on l i mi t "  was reported . A val ue of one-ha l f  the detec t i on l i mi t  was used 
for v a l u e s  reported a s  " l es s  than detec t i on l i mi t " . 
Sour c e :  Reference ( 2 1 2 ) .  
n 
1 59 
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Ki n g s ton 
1 
2 2  
TABLE 66  
11 LAB I LE 11 * METAL CONCENTRATIONS ( ]Jg / L )  
I N  LAKE ONTARIO WATERS , 1 978  
COPPER N I CKEL CADMIUM 
Mav/June  Oc t .  Ma\IJ June  Oct . Mav/June  Oct . 
1 .  95  1 .  6 1  1 . 72  1 .  67 0 . 057 0 . 059  
1 .  7 1  1 . 57 
1 . 40 1 .  60 1 . 1 0  0 . 99 0 . 05 1  
1 .  5 1  0 . 93 0 . 057 
1 . 30 1 . 37 1 .  1 1  1 .  1 2  0 . 058  
1 . 43 1 . 1 3  0 . 85 0 . 033 
1 . 50 1 . 1 2  0 . 98 0 . 047 
1 . 45 1 . 56  1 . 07 1 . 08 0 . 06 1  
1 . 36  1 .  65  1 . 1 2  0 . 99 0 . 048 0 . 054 
1 . 35  1 . 37 1 . 1 3  1 . 03 0 . 04 1  
1 . 30 1 . 46 1 . 1 5  1 .  1 1  0 . 047 
1 . 1 0  1 . 50 0 . 86 0 . 045 0 . 069  
1 . 2 2 1 . 42 0 . 89 1 .  1 2  0 . 037 0 . 037 
LEAD 
Mav/June  Oct . 
< 1  . 0 1  
<0 . 4 1 
<0 . 35 
<0 . 27 <0 . 28 
<0 . 29 
<0 . 23 
<0 . 27 <0 . 4 1 
<0 . 2 6 <0 . 4 1 
<0 . 23 <0 . 24 
<0 . 22 <0 . 35 
<0 . 36 <0 . 43 
<0 . 34 
* 11 Lab i l e 11 refers to the  d i s so l v ed fracti on p l u s  fract i on of parti c u l ate wh en 
the  s amp l e i s  ac i d i fi ed ( wi th HCl ) to pH of 2 .  
Sou rc e : Referenc e  ( 2 1 3 ) . 




MEAN CONCENTRATIONS OF TRACE. METALS (�g/L) IN UNFILTERED 
HATERS OF LAKE ONTARIO, NOVEMBER 1 982 
SITE I RON AI IIMTNIIM MANGANESE COPPER NI��El I f:AO C.ADMIIIM ZINC 
Toronto Harbour 63 . 0  1 3 . 9  < 1 0  1 . 7 2 . 7  0 . 8  <0 . 2  1 . 5 
Bl ack. R i ver Bay 97 . 4  1 4 . 4  < 1 0  2 . 2  1 . 8 0 . 7  <0 . 2  2 . 6  
Oswego River mouth 36 . 3  2 . 8  < 1 0  2 . 8  2 . 4  <0 . 5  <0 . 2  0 . 7  
N i agara Ri ver pl ume 1 84 . 4  368 . 1  < 1 2  3 . 4  2 . 3  0 . 9  <0 . 2  2 . 3  
Ki ngs ton bas i n  36 . 5  < 1 . 0  < 1 0  1 . 8 1 . 9 <0 . 5  <0 . 2  1 . 1  
Offshore waters 1 9 . 9  < 1 1 . 8  < 1 0  2 . 1  1 . 9 <0 . 5  <0 . 2  1 . 0 
Nearshore waters 
North shore 52 . 2  3 . 5  < 1 0  1 . 8 1 . 9 <0 . 5  <0 . 2  1 . 1  
South shore 85 . 7  33 . 6  < 1 0  2 . 3  2 . 1  <0 . 5  <0 . 2  1 . 4 
Hes tern shore 33 . 0  59 . 6  < 1 0  2 . 9  2 . 2  <0 . 5  <0 . 2  4 . 1  
1 978 Agreement obj ect i veA 300 - - 5 25 25 0 . 2  30 
I 
A Al l obj ec t i ves for unfi l tered samp l e s except mercury .  
Source:  Reference ( 2 1 4 ) . 
CHROMIUM SELENIUM MER�IIRY ARc;FNTr 
1 . 2 0 . 20 < 0 . 0 1  < 1 . 00  
1 . 3 <0.  1 3  < 0 . 0 1  0 . 80 
1 . 1 < 0 . 1 0  <0 . 01 0 . 80 
1 . 3 0 . 20 0 . 05 0 . 90 
1 . 5 <0. 1 5  < 0 . 0 1  0 . 95 
1 . 1 <0 . 1 7  <0 . 01 0 . 98 
2 . 2  0 . 1 5  - 0 . 90 
1 . 2 <0. 1 2  <0.01  0 . 84 
1 . 3 <0 . 1 0 <0 . 01 0 .  73 
50 1 0  0 . 2  50 
FIGURE 83. COMPOSITE ZONATION MAP FOR TRACE METALS IN LAKE ONTARIO, 1 979. 
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TABLE 68  
ZON E SUMMARI ES . MEAN CONCENTRATION OF  EACH METAL FOR 
THE FOUR ZONES OF THE COMPOSITE  MAP IN 1 979*  
ZON E 1 ZONE 2 ZONE 3 
METAL X S . D .  N n X S . D .  N n X S . D .  N n 
Ag 0 . 08 ± 0 . 06 1 6  1 1  0 . 08 ± 0 . 09 1 9  1 4  o ·. o8 ± 0 . 08 4 1  35 
A l  24 . 3  ± 2 5 . 9  24 0 1 4 . 6  ± 1 3 . 5  2 9  0 6 . 1  ± 5 . 0  58 l 
As  0 . 54 ± 0 . 24 24 0 0 . 52 ± 0 . 23 2 9  0 0 . 62 ± 0 . 22 62 0 
Cd 0 . 07 ± 0 . 06 24 20 0 . 05 ± 0 . 0 1  30  28  0 . 05 ± 0 . 01 62 58 
Cr 1 . 1 6  ± 0 . 92 1 6  1 0 . 53 ± 0 . 3 1 2 0  3 0 . 44 ± 0 . 23 4 1  4 
Cu 1 .  7 1  ± 0 . 76 24 0 1 . 27 ± 0 . 37 30 0 1 .  3 1  ± 0 . 32 62 0 
F e  6 1 . 2  ± 7 7 . 6  24 0 32 . 4  ± 35 . 4  30 1 1 2 . 3  ± 1 2 . 2  62 0 
Hg  0 . 02 6  ± 0 . 005 24 23 0 . 025  ± 0 . 000 2 9  2 9  0 . 025 ± 0 . 003 62 6 1  
Mn 2 . 90 ± 1 . 60 24 0 2 . 25 ± 1 . 36  30 0 1 . 32 ± 0 . 50 62 0 
N i  2 . 8 1  ± 2 . 52 24 0 1 . 58 ± 0 . 5 1  30  0 1 . 35 ± 0 . 39 62 0 
Pb 0 . 59 ± 0 . 37 24 7 0 . 36 ± 0 . 1 7  30 1 9  0 . 33 ± 0 . 1 4  62  44 
S e  0 . 08 ± 0 . 05 24 1 3  0 . 08 ± 0 . 05 2 9  1 4  0 . 07 ± 0 . 03 62 36 
Zn  2 . 2  ± 2 . 5 24 5 1 . 3 ± 0 . 4  30 2 0 . 9  ± 0 . 5  62 24  
• The map i s  s hown i n  F i gure 83 . 
N = Total number of samp l e s  anal yzed . 
n = Numbe r  of s amp l e s  reported at " l es s  than d etect i on l i mi t " . 
ZON E 4 
X S . D .  N 
0 . 07 ± 0 . 07 1 4  
4 . 8  ± 3 . 5  20 
0 . 52 ± 0 . 1 9  20 
0 . 05 ± 0 . 00 20 
0 . 34 ± o .  1 8  1 4  
1 . 1 0  ± 0 .  3 1  2 0  
9 . 3  ± 8 . 0  20 
0 . 025 ± 0 . 000 20 
0 . 97 ± 0 . 46 ' 20 
1 . 23 ± 0 . 38 20 
0 . 34 ± 0 . 1 9  20 
0 . 08 ± 0 . 05 20 
0 . 8  ± 0 . 3  20 
Data are reported i n  �g/ L  and i nc l ude  on l y  the s urface ( 1  m) va l ues  for the  three c ru i s e s . A l l va l u e s  
reported as  " l es s  than the  detec t i on l i mi t" were taken at  ha l f the  d etectab l e  l ev e l . 
Source :  Refere n c e  ( 2 1 2 ) . 
n 










1 6  
1 2  
1 1  
Des p i te  the  obv i ou s  g rad i ents  d i s p l ayed by trace meta l s i n  s u rface waters 
of Lake Ontari o i n  respon s e  to nears hore i nputs , concentrati on s  of a l mo s t  a l l 
meta l s are  l es s  than the  obj ect i v e  l i mi ts g i ven  i n  the  1 978  Agreement . As  was 
demons trated by Wong et a l . ( 2 1 6 ) , however , t he se  i nd i v i d u a l  l i mi ts do not 
e n s u re an ab sence  of  adverse  effects  on aquat i c organ i sms , due to the 
synergi s t i c effects  of  me tal  mi x tures . When expo s ed to i nd i v i dua l  meta l s at 
obj ec t i v e  l i m i t s , no advers e effec t s  on  a l gae were noted . Added togeth e r ,  
howeve r ,  a 70% reduct i on i n  pr i mary prod u ct i on o f  green  a l gae was observ ed 
( 2 1 6 ) . Even at one-tenth  of  obj ec t i v e  l ev e l s ,  pr i mary product i on was reduced 
40% d u e  to the  comb i ned  effects  of the se  met a l s .  Wong et  a l . ( 2 1 6 )  further 
d emons trated that , r e l at i v e  to the  control , water from H ami l ton H arbour , 
wi thout any add i t i ons  of met a l s ,  cau s ed a 57% reduc t i on i n  pr i mary produc t i on .  
Res u l ts of  s tud i es s uc h  a s  thes e  prompted the  S c i ence  Advi sory Board • s  
Aquati c Ecosys tem Obj ec t i v e s  Commi ttee ( 2 1 7 )  to recommend the  fo l l owi ng  
formu l a  for e s t i mati ng  the  potenti a l  tox i c i ty of mi xtures  of meta l s i n  Great 
Lakes water s : 
M . 
X [0� l �1 . o  1 
i . e .  that the  s um of  the  rati os  of each metal  conc entrat i on < Mi ) and i ts respect i v e  obj ec t i v e  concentrat i on (Oj ) s hou l d not exc eed 1 . 0 .  I f  the s um of t h e  rat i os exceeds  1 . 0 and/or any 1 nd i v i dua l  rati o e x c eed s 0 . 25 ,  then there 
may be  cau s e  for conc ern . 
Th i s " tox i c u n i t conc ep t "  was app l i ed to the  1 97 9  data of  N e i l s on ( 2 1 2 )  
( Tab l e 6 9 ) . The tox i c u n i t o f  each  o f  the  fou r  compos i te zone s  e xceed s 1 . 0 ,  
i nd i cati n g  that l ev e l s o f  metal s .  i n  Lake Ontari o waters  may b e  adver s e l y  
i mpacti n g  s ome component o f  t h e  aquati c b i ota . Three metal s i n  parti c u l ar 
contr i buted to th i s re su l t  ( cadmi um ,  copper and s i l ver )  wi th  rati os  greater 
than 0 . 2  tox i c u n i t s . The  maj ori ty of resu l ts for c admi um and s i l v er , 
howeve r ,  were reported at l e s s  than detectab l e  l ev e l s ,  so  the i r contri but i on 
to the  " tox i c u n i t "  may be overrated . I f  th e i r rati os  are not i nc l uded i n  the 
s um ,  then  on l y  zone 1 cont i nue s  to exh i b i t a " tox i c un i t " i n  e x c e s s  of 1 . 0 .  
Trace  Contami nants  i n  B i ota 
Becau s e  of s i gn i fi cant  contami nant l oad i ng s  to the  l ake , body burdens of  
many contami nants  i n  Lake Ontari o b i ota are the  h i ghe st  of  a l l the  Great 
Lake s . For examp l e ,  based  on ana l ys i s of dorsa l  fi l l e ts from 3-year-ol d  coho 
s a l mon ( On corhyncus k i s utch ) from a l l the Great Lake s , l ev e l s of PCBs , EDDT , 
mi rex , photomi rex , HCB and  mercury were h i ghe st  i n  tho s e  fi s h  taken from Lake 
Ontari o ( 2 1 8 , 2 1 9 ) . I n  1 980 , total PCBs ( i . e .  s um of Aroc l ors  1 242 , 1 248 , 1 254 
and 1 260) averaged 2 . 9  �g ig  wet wei ght , wi th  Aroc l or 1 254 compri s i ng 68% of 
t h e  tota l . Tota l  DDT averaged 0 . 8  �g /g wi th  85% as p , p • -DDE . PCB l ev e l s as  
h i g h  a s  1 0  �g /g h av e  b een reported for l ake trout fi l l et s , a l though av erage 
con c en trat i ons  for mos t  s i tes  ranged from 2 to 3 �gig ( 220) . The s e  h i gh 
con tami n an t  l ev e l s i n  fi s h  have re s u l ted i n  con s umpt i on adv i sori e s  for Lake 





Fe  300 . 0  
Cd 0 . 2  
Cu 5 . 0  
Cr 20 . 0  
Pb 3 . 0  
N i  25 . 0  
Zn 30 . 0  
H g  0 . 2  
As 50 . 0  
Ag 0 . 1 
Se 1 . 0 
l: M; /Oi 
Contri but i on greater than 
0 . 2  tox i c un i ts . 
TABLE 69 
EVALUATION OF TOXIC UNI T  CONCEPT AS APPLI ED TO 1 97 9  TRACE METAL 
CONCENTRATION (�g/L)  OF LAKE ONTARIO HATERa 
M; M ; M ; ZONE 1 0 ; 
ZONE 2 0 ; 
ZONE 3 o . . 1 
6 1 . 2  0 . 20 32 . 4  0 . 1 1  1 2 . 3  0 . 04 
0 . 07 0 . 35 0 . 05 0 . 25 0 . 05 0 . 25 
1 .  7 1  0 . 34 1 . 27 0 . 25 1 .  3 1  0 . 26 
1 . 1 6  0 . 02 0 . 53 0 . 01 0 . 44 0 . 009 
0 . 59 0 . 20 0 . 36 o .  1 2  0 . 33 0 . 1 1  
2 . 8 1 0 . 1 1  1 . 58 0 . 06 1 . 35 0 . 05 
2 . 20 0 . 07 1 . 30 0 . 04 0 . 90 0 . 03 
0 . 026 o .  1 3  0 . 025 0 . 1 25 0 . 025 0 . 1 25 
0 . 54 0 . 01 0 . 52 0 . 01 0 . 62 0 . 0 1 
0 . 08 0 . 80 0 . 08 0 . 80 0 . 08 0 . 80 
0 . 08 0 . 08 0 . 08 0 . 0_8 0 . 07 0 . 07 
2 . 3 1 1 . 86 1 .  75 
Cd , Cu , Ag Cd , Cu , Ag Cd , Cu , Ag 
Mi ZONE 4 0; 
9 . 3  0 . 03 
0 . 05 0 . 25 
1 . 1 0 0 . 22 
0 . 34 0 . 007 
0 . 34 0 . 1 1  
1 . 23 0 . 05 
0 . 80 0 . 03 
0 . 025 0 . 1 25 
0 . 52 0 . 01 
0 . 07 0 . 70 
0 . 08 0 . 08 
1 .  6 1  
Cd , Cu , Ag 
a .  Mean va l ues  wi thi n each of four zones were u sed to ca l cu l ate Ni /Oi , where M; i s  the observed concentrati on and Oi i s  the water qua l i ty obj ecti ve . 
Data Source :  Reference ( 2 1 2 ) . 
Wh i tt l e and F i tz s i mons  ( 1 8 1 )  u s ed a number  of s p ec i e s  repre s en tati ve of  
s evera l  trop h i c l ev e l s to  demon s trate the  i nfl uence  of the  N i agara R i ver  on  
res i d ue  l ev e l s i n  Lake Ontari o b i ota . They found  that concentrat i o n s  of  
PCBs , rOOT and p , p • -ooE were  s i gn i fi can t l y h i gher  i n  c9ho  s a l mon , ra i nbow 
sme l t ( Osmerus  mordax ) and the  benth i c amph i pod Pontopore i a hoyi from the 
wes tern bas i n of Lake Ontari o than the  eas tern bas i n  of Lake Er i e .  I n  
add i t i on , mi rex  was detectab l e i n  a l l three spec i e s  from Lake On tari o but  
was  not detected  i n  tho s e  from Lake Er i e ( F i g .  84 , Tab l e s 70-72 ) .  S i mi l ar l y ,  
i n  a compari son o f  s ev era l con tami nants  i n  herri ng g u l l eggs  ( Tab l e  7 3 )  at 
an eas tern Lake Eri e col ony ( Port Co l born e )  and a wes t e rn Lake Ontari o 
col ony ( Mugg • s  I s l and , Toronto Harbour) , organ i c  con tami nant l ev e l s were 
marked l y  h i gher  i' n Lake On tari o ,  wi th i n crea s e s  ·rang i ng from 1 7% for 
d i e l d r i n to 495% for mi rex ( 222 ) . Samp l e s  of s u rfac e  netp l ankton ( i . e .  
phytop l ankton > 1 53 �m) , i n  contras t ,  ex h i b i ted no s i gn i fi cant  d i fference  
i n  any organ i c  contami nant e xcept PCBs . The mean PCB l ev e l  i n  s urface  
p l ankton from Lake Ontari o was  75% greater than  the  Lake Er i e mean v a l u e  
( Tab l e 7 2 )  ( 1 8 1 ) .  
Contami nant l ev e l s i n  b i ota were more u n i form wi t h i n the  l ake . I n  
compari ng res i d ue  l ev e l s i n  b i ota between the  wes tern bas i n  o f  Lake Ontar i o 
and the  Ki ng s ton bas i n ,  no s i gn i fi cant d i fferences  were reported for trace 
organ i c  contami nant re s i dues  i n  sme l t ,  l ake trout or herri ng g u l l eggs 
( Tab l e s  74 and 7 5 ) . Genera l l y ,  s i gn i fi cant d i fferenc e s  were obs erv ed on l y  
i n  the amph i pod £ .  hoyi , a l though PCBs  i n  netp l ankton and � rel i cta were 
s i gn i f i cant l y  greater i n  the wes tern bas i n .  Leve l s  o f  p , p • -DDE ,  EDDT , 
d i e l dr i n and PCBs were s i gn i fi cant l y  greater i n  a l l amph i pod s amp l e s  from 
the  Ki ngston bas i n  ( 1 8 1 ) .  Contami nant burdens  i n  amph i pod s , whi c h  are both 
comparat i v e l y  s hort- l i v ed ( <2 years ) and s edentary , refl ect  regi onal  
d i fference s  i n  the  contami nati on of detri tu s  s ett l i ng i nto the  trophogen i c 
zon e .  Sme l t and l ake trout , wh i ch  are l onger- l i v ed and con s i derab l y  more 
p e l agi c i n  the i r d i s tr i but i on , tend to i ntegrate contami nant l ev e l s over a 
greater geograph i c  range . Hen c e ,  the i r res i due  l ev e l s are more i nd i c at i v e  
o f  t h e  genera l  l ev e l  o f  con tami nati on of t h e  l ake . 
The h i gher  contami nant l ev e l s obs erved i n  amph i pod s i n  the  Ki n g s ton 
bas i n  are d i ffi cu l t  to exp l a i n .  Of a l l the organ i c contami nants  
i nv e s t i gated , on l y  mi rex , wh i ch  i s  s t i l l  be i ng put  i n  from the  N i agara R i ver  
at  6 kg/a  ( average l oad 1 984-86 ; Reference ( 1 74 ) ) ,  was h i gher  i n  amp h i pod 
s amp l e s  from the  wes tern bas i n .  Th i s s ugges t s  that contami nant l ev e l s i n  
amph i pod s i n  the  wes tern bas i n  refl ect i nputs  from the  N i agara Ri ver . 
Borgmann and Wh i tt l e ( 223 )  demons trated that there was no s i gn i f i cant  
d i fferen c e  i n  the  rate  of food cha i n accumu l ati on of DDT and PCBs i n  b i ota 
of the  Ki ng s ton and wes tern bas i n s  of Lake Ontari o .  Con s equent l y ,  i t  wou l d  
appear that the  s i gn i fi can t l y  h i gher con tami nant l ev e l s i n  amp h i pod s from 
the  Ki ng s ton bas i n  are i nd i cati v e  of l oc a �i zed source s .  The re l afi v e l y  h i gh 
PCB l ev e l s fou nd wi t h i n the  B l ack Ri ver  p l ume ( 208 ) and i n  bottom s ed i ments  
i n  Pr i nce  Edward Bay ( 203 ) s upport thi s con c l u s i on .  
I n  s i x  herr i ng g u l l co l on i e s  mon i tored i n  Lake Ontari o dur i ng the  1 98 1  
and 1 982 i n ten s i v e  years ( i n  add i t i on to the  two annua l  mon i tor col on i e s ) ,  
no s i gn i fi cant  ( SNK test , p <0 . 05 )  d i fferen ces  among col on i e s  were observed 
for any contami nant i n  1 98 1 . I n  1 982 , on l y  the  DDT va l ue s  from Pi geon 
I s l and were d i fferent from the  others ( Tab l e 75)  ( 22 2 ) . Th i s s ugges ts  that 
contami nant l ev e l s i n  the  g u l l s •  food ( pr i mari l y  fi s h )  i n  Lake Ontari o were 




% Lipid Total � (gl m 
N Langtll Ccml 
Lalla Eroe M ..... 11.7 3220.1 
Lake Ontaroo � I() 4.71 15..7 30"-1 
COMPARATIVE MEAN VALUES FOR WHOLE BODY CONTAMINANT BURDENS 
(ug/g wet weight) FOR 3+ AGED COHO SALMON (Oncorhynchus kjsutch) FROM 
LAKE ERIE AND LAKE ONTARIO. 
Source: Reference (1 81 ). 
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TABLE 70  
WHOLE BODY ORGANIC AND I NORGANIC CONTAMI NANT 
CONCENTRATIONS IN RAINBOW SMELT ( Osme ru s  morda x ) , 1 98 1 - 1 982 
( ng / g  WET WEIGHT)  
LAKE ERI E 
EASTERN BASI N  
X ( S . E . )  
Na 1 0  
Length ( em) 1 3 . 7  ( 0 . 5 )  
We i ght  ( g )  1 3 . 5 ( 1 . 6 )  
'X. L i p i d 4 . 1 ( 0 . 3 )  
p , p ' -DDE 72 ( 2 1 ) 
l:DDT 1 4 1  ( 32 )  
PCB s  207 ( 54 )  
M i rex NO  
Hg  3 1  ( 0 )  
A 223  ( 1 0 )  
Cu 1 , 286 ( 1 60 )  
Se  426  
. 
a .  F i ve  fi s h  composi te s .  
NO  � not detected 
( 23 )  
TABLE 7 1  
LAKE ONTARIO 
WESTERN BASI N  
X ( S . E . )  
2 3  
1 4 . 3  ( 0 . 6 )  
1 8 . 3  ( 2 . 2 ) 
5 . 6  ( 0 . 3 ) 
372 ( 4 1 ) 
533 ( 50 )  
8�8 ( 97 )  
3 5  ( 5 )  
58 ( 5 )  
526  ( 1 7 )  
885 ( 69 )  
3 1 4  ( 9 )  
PCB AND ORGANOCH LORINE  CONCENTRATIONS I N  
Pontopore i a hoyi , 1 98 1 - 1 982  ( ng / g  DRY WEIGHT)  
LAKE ERI E LAKE ONTARIO 
EASTERN BASI N  WESTERN BAS I N  
X ( S . E . )  X ( S .  E . ) 
N 5 5 
'X. L i p i d  2 0 . 3  ( 0 . 3 ) 24 . 1  ( 1 . 4 )  
p , p ' -DDE 58 ( 1 8 )  2 92 ( 1 7 ) 
l:DDT 1 1 0 ( 3 1 ) 440 ( 43 )  
PCBs  560  ( 40 )  1 , 378  ( 1 00 )  
D i e l dr i n 62 ( 23 )  226  ( 2 1 ) 
Ch l ordane 35  ( 1 5 ) 64 ( 1 4 ) 
M i rex  NO 228 ( 4 )  
NO  = not d e te cted . 
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TABLE 7 2  
PCB AND ORGANOCH LORINE  CONCENTRATIONS I N  
SURFACE N ETPLANKTON ( > 1 53 �m) , 1 98 1 - 1 982  ( ng/g  DRY WEIGHT)  
LAKE ERI E LAKE ONTARIO 
PORT COLBORNE N IAGARA-ON-TH E-LAKE 
X ( S . E . )  X ( S . E . ) 
N 5 5 
� L i p i d 1 4 . 3  ( 0 . 6 )  1 6 . 0  ( 0 . 4) 
p , p • -DoE 32 
I: DDT 4 1  
PCBs 1 60 
D i e l dri n  23 
Mi rex 
ND • not d etected . 
Sou rc e :  Reference  ( 1 8 1 ) .  
( 3 )  40 
( 1 2 ) 72  
( 24 )  280 
( 7 )  1 7  
ND  
TABLE 73 
MEAN LEVELS (± s . d .  �g/g  wet we i gh t )  
OF S I X  MAJOR ORGANOCH LORINE  RES I DU ES 
I N  H ERRING GULL EGGS , 1 98 1  
COLONY PCBs p , p • -DDE p , p • -DDT DI ELDRI N  
Port Co1 borne 44±1 3 4 . 7±1 . 7  0 . 05±0 . 02 0 . 24±0 . 09 
Lake Eri e 
Mugg • s  I s l an d , 7 2±30 1 0 . 0±5 . 2  0 . 08±0 . 03 0 . 28±0 . 2 1 
Lake Ontari o 
Snake I s l and , 86±4 1  1 2 . 0±4 . 5  o .  1 1 ±0 . 05 0 . 27±0 . 1 6  
Lake Ontari o 
Source :  Referenc e  ( 22 2 ) . 
- 225 -
( 4 )  
( 8 )  
( 20 )  
( 6 )  
ND 
HCB MI REX 
0 . 08±0 . 03 0 . 42±0 . 37 
0 . 23±0 . 08 2 .  5± 1 . 1 
0 . 2 6±0 . 1 1  2 . 8±1 . 6  
N N 0"1 
TABLE 74 
COMPARATIVE MEAN VALUES FOR ORGANOCH LORINE  I NS ECTI DES AND PCBs 
I N  LAKE ONTARIO BIOTA , 1 98 1 a 
'X. Li oi d o o ' -DDE IDDT D i e l dri n PCBs 
Pontoporei ab 
Wes tern Bas i n ( N  = 5 )  24 . 1 ( 1 . 4 )  292 . 0  ( 1 7 ) 440 . 0  ( 43 )  226 . 0  ( 2 1 ) 1 , 378 . 0  ( 1 00) 
Eastern Bas i n ( N  = 1 3 ) 32 . 5  ( 2 . 9 ) 730 . 0  ( 5 ) * 1 , 088  . 0  ( 55 ) * 376 . 0  ( 3 7 ) * 1 , 849 . 0  ( 1 00) .  
Surface  Netp l a nktonb 
Wes tern Bas i n (N = 5 )  1 6 . 0  ( 0 . 4 ) 40 . 0  ( 4 )  72 . 0  ( 8 )  1 7 . 0 ( 6 )  280 . 0  ( 20 )  
Eastern Bas i  n · ( N = 2 )  1 3 . 3  ( 0 . 8 ) 32 . 0  ( 4 )  63 . 0  ( 8 )  1 9 . 0  ( 4 )  1 1 0 . 0  ( 20 ) .  
Mys i sb 
Wes tern Bas i n ( N  = 5 )  7 . 9  ( 0 .  1 )  48 . 0  ( 1 0) 59 . 0  ( 1 3 ) 1 0 . 0  ( 3 )  580 . 0  ( 97 )  
Eastern Bas i n ( N  = 1 2 )  3 . 9  ( 0 . 7 )  48 . 0  ( 1 0) 79 . 0  ( 1 0 ) 1 7 . 0 ( 7 )  1 50 . 0  ( 1 0 ) *  
Sme l tc 
Western Bas i n  ( N  = 2 3 ) d 5 . 6  ( 0 . 3 ) 372 . 0  ( 4 1 ) 533 . 0  ( 50 )  70 . 0  ( 7 )  858 . 0  ( 97 )  
Eastern Bas i n ( N  = 1 2 ) d 4 . 4  ( 0 . 5 ) 372 . 0  ( 4 1 ) 390 . 0  ( 37 )  65 . 0  ( 7 )  1 , 000 . 0 ( 87 )  
Lake Trout < 4+ ) c 
Wes tern Bas i n ( N  = 98 ) 1 8 . 4 ( 0 . 8 )  930 . 0  ( 70 )  1 , 600 . 0  ( 1 00)  1 90 . 0  ( 20 )  3 , 890 . 0  ( 4 1 0 )  
Eastern Bas i n ( N  = 1 0 ) 23 . 8  ( 1 . 2 )  740 . 0  ( 60 )  1 , 250 . 0  ( 90 )  1 90 . 0  ( 20 )  2 , 370 . 0  ( 460)  
a .  ( ) = s tandard error . 
b .  Concentrati on s  a s  ng/g  d ry we i gh t .  
c .  Concentrati on s a s  ng/g  wet we i gh t . 
d .  F i ve  fi s h  compos i te s . 
• S i gni fi cant l y  d i fferent at the 95% confi dence  l ev e l . 
Source : · Referen c e  ( 1 8 1 ) .  
Mi rex 
228 . 0  ( 40 )  





35 . 0  ( 5 )  
50 . 0  ( 5 )  
1 50 . 0  ( 20 )  
1 30 . 0  ( 20 )  
TABLE 75 
MEAN LEVELS < ± s . d .  �g /g wet wei ght)  OF SIX MAJOR ORGANOCHLORINE 
RES I DUES IN HERRING GULL EGGS - I NTENSIVE Y EAR COLON I ES 
COLONY YEAR 'L FAT N DOE DI ELDRIN 
. 
Scotch Bonnet I .  1 982 8 .  1 l a 1 0  0 . 53 
Gu l l  I s  l and 1 982 8 . 7  ± 1 . 3 1 0  1 2  ± 4 . 5  0 . 3 1 ± 0 . 1 1  
N i agara Ri ver 1 98 1  9 . 6  ± 0 . 69 1 0  5 . 7  ± 2 . 6  0 . 24 ± 0 . 1 5  
1 982 8 . 8  1 3 . 7  ± 0 . 1 5  
Hami l ton Harbour 1 98 1  9 . 8  ± 0 . 73 1 0  1 1  ± 3 . 9  0 . 26 ± 0 . 06 
1 982 8 . 7  1 4 . 8  0 . 22 
Li ttl e Gal l oo I .  1 98 1  9 . 2  ± 1 . 1  1 0  8 . 4  ± 3 . 1  0 . 32 ± 0 . 1 2  
1 982 8 . 7 ± 0 . 77 1 0  1 5  ± 20 0 . 35 ± 0 . 26 
Pi geon I s l and  1 98 1  8 . 7  ± 0 . 57 1 0  1 4  ± 8 . 5  0 . 35 ± 0 . 1 0  
1 982 8 . 1  ± 1 . 0 1 0  1 0  ± 2 . 9  0 . 34 ± 0 . 09 
a .  Al l samp l es of N-1 represent one anal ys i s on a pool of 1 0  eggs . 
• S i gni fi can t l y  di fferent from 1 98 1  val u e  ( t-tes t ,  p <0 . 05 ) . 
Source :  Reference ( 222 ) . 
DDT MIREX 
0 . 1 8  3 . 6  
0 . 1 2  ± 0 . 07 2 . 8  ± 1 . 4 
0 . 06 ± 0 . 03 0 . 74 ± 0 . 50 
0 . 06 0 . 98 
0 . 1 1  ± 0 . 03 1 . 9 ± 0 . 64 
0 . 09 2 . 4  
0 . 08 ± 0 . 03 2 . 2  + 0 . 85 
0 . 09 ± 0 . 04 3 . 5  ± 1 . 5* 
0 . 08 ± 0 . 03 2 . 8  ± 1 . 5 
0 . 1 6  ± 0 . 06* 3 . 1 ± 0 . 79 
HCB PCB 
0 . 2 1  1 20 
0 . 1 7 ± 0 . 1 1  7 1  ± 23 
0 . 1 3  ± 0 . 09 50 ± 25 
0 . 1 2  46 
0 . 23 ± 0 . 07 79 ± 2 1  
0 . 1 3  32 
0 . 24 ± 0 . 08 67 ± 23 
0 . 1 0  ± 0 . 1 5* 54 ± 25 
0 . 27 ± 0 . 1 2  84 ± 27 
0 . 1 8  ± 0 . 03*  62  ± 2 1  
Wh i l e  res i d ue  l ev e l s of trace organ i c s  reported i n  the  prev i ou s  s t ud i es 
i nd i cate  the  genera l  l ev e l  of l akewi d e  contam i nat i on , they prov i de l i tt l e  
i n s i gh t  i n to n earshore contami nant prob l ems . I n  l i gh t  of the  overwhe l mi ng  
l ac k  of data  on  contami nant sourc e s  i n  the  bas i n  oth er  than the  N i agara 
R i ver , i t  i s  i mperat i ve  to have some means  of i dent i fy i ng and  pr i ori t i z i ng 
other maj or contami nant sources . I n  ord er to obtai n contami nant  uptake data 
that can be  i dent i fi e d  wi th spec i f i c watersheds  or was te  d i s c h arge s , a 
nearshore fi s h  contami nant s u rv e i l l ance  program was i n i t i ated by Ontari o MOE 
i n  1 974 ( 225 ) . Th i s  program u s e s  young-of- the-year ( mos t l y  3-4 month  o l d )  
s potta i l s h i n e rs C Notropi s hudson i u s )  a s  b i o l og i c a l  i n tegrators of  
contami nant s . Res u l t s  for PCBs and tDDT i n  1 97 9  are pres ented i n  F i g .  85 
for 1 1  s i te s  i n  the Lake Ontar i o Bas i n .  The H umber  Ri ver  was by far the  
mos t  contami nated s i te for PCBs at  1 , 223  ng/g  ( wet we i gh t )  ( 225 ) . Thi s 
concentrat i on i s  a l mo s t  twi c e  a s  h i gh a s  the  h i ghest  concentrati on ever 
recorded i n  spotta i l s h i ners  from the  N i agara Ri ver  ( 22 6 )  and  more than 1 2  
t i me s  g reater than the 1 978 Agreement obj ec t i ve  of 1 00 ng/g  ( wet we i gh t )  i n  
fi s h  t i s s u e .  The s e  fi n d i ngs  s u pport the  res u l ts  of the  s ed i ment  ana l ys i s  
wh ere the  h i ghe st  PCB l ev e l s i n  the  Toron to area waterfront  were i mmed i ate l y  
offs hore o f  the  H umber  R i ver  ( s ee  d i s c u s s i on b�l ow for spec i fi c  nearshore 
areas ) .  
The h i gh PCB l ev e l s i n  the  H umber  Ri ver  are further s upported by the  
f i nd i ngs  of the  C l adophora con tami nant mon i tori ng program . Imp l emented by 
On tari o MOE , th i s  s tudy u s e s  C l adopho ra to repre s en t  a t i me average of the  
b i oava i l ab l e s upp l y  of contami nants  at  the  pr i mary troph i c  l ev e l  ( 1 62 ) . 
Lev e l s of PCBs i n  Cl adophora from 1 98 1  to 1 983 d emon s trate that s amp l es from 
the  H umber  R i ver  con s i s tent l y  exh i b i t  some of the  h i g h e s t  PCBs i n  Lake 
Ontari o ,  reach i ng  a maxi mum of 250 ng/g  i n  1 982 ( F i g .  8 6 ) . Oth er  s i tes  wi th 
PCB l ev e l s i n  C l adophora i n  exces s of 1 00 ng/g  were Hami l ton H arbou r ( s h i p 
cana l ) ,  Twe l ve M i l e  Creek , Toronto Harbour ( eas tern gap ) and  the  Cataraqui  
R i ver  near  K i ngs ton ( 1 62 ) . 
Cl adophora s amp l e s  from the H umber  R i ver  a l so  exh i b i ted the h i g h e s t  
l ead concentrat i ons  o f  t h e  e i ght  study s i te s  ( F i g .  8 7 ) . T h e  average 
concentrati on of the three years of study for l ate June  ( con s i dered the 
opt i ma l  s amp l i ng peri od ) was 39 . 6  �gig .  Th i s  i s  a l most  three t i me s  more 
contami nated than the  Cred i t  R i ver  ( 1 3 . 6  �g/ g )  and fi ve  t i me s  that of 
Toron to Harbou r ( 7 .  1 �g/ g )  and  Hami l ton Harbour ( 8 . 4  �g/g ) . 
Toronto Harbour s potta i l s h i ners  ranked s econd i n  PCB contami nat i on 
( 423  ng/g ) , but wh ether  the se  l ev e l s refl ect  mu l t i p l e  sources  wi th i n  the  
h arbour or mere l y  the  effects  of the  adj acent  Humber R i ver  i s  u ncertai n .  As 
ev i dence  of the  wi d e spread , l ow- l ev e l  PCB contami nati on of Lake Ontari o ,  a l l 
s amp l e s  except tho s e  from the  Rouge Ri ver  s i te exh i bi ted mean con c entrat i ons  
i n  exces s of the  1 978  Agreement obj ect i ve  of 1 00 ng /g , even  though s evera l 
s i tes  were removed from effects  of u rban i zat i on . 
Sh i ner  DDT concentrat i on s  were con s i derab l y  l e s s  than PCBs and were 
more than an  order of magn i tude l e s s  than the 1 978  Agreement obj ect i ve  of 
1 , 000 ng/g  i n  who l e fi s h . S l i ght l y  h i gher  DDT l ev e l s were reported for 
spottai l s h i ners  co l l ected at Twe l v e M i l e  Creek , Cred i t Ri v e r ,  H umb er Ri ver  
and  Toron to Harbour , where B i berhofer and  Steven s  ( 208 ) reported the  h i ghest  
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PCB AND DDT RESIDUE LEVELS IN YOUNG-OF-THE-YEAR SPOTTAIL SHINERS 
FROM LAKE ONTARIO, 1 979. 
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M i rex was d etected i n  s h i ners  at on l y  fou r  of  the  1 1  s i te s . H i g h e s t  
con c entrati on s  ( 1 0  ng/g )  were found at Out l et  Prov i n c i a l  Park on t h e  south 
s hore of Pri n c e  Edward County , fo l l owed by Gage s  Creek ( 6  ng/g ) . A l though 
the N i agara R i ver  i s  a known source  of mi rex , spotta i l s h i ner  s amp l e s  from 
N i agara-on-the- Lake conta i ned on l y  1 ng/g  of mi rex ( 22 5 ) . 
· 
Re s i d u e  l ev e l s of mos t  other organoch l or i n e  pe st i c i d e s  �ave been  l ow i n  
a l l of the  Lake Ontari o spotta i l s h i ner  co l l ec t i on s , wi th  l ev e l s near or 
b e l ow the i r detect i on l i mi t s . 
SPECI FIC  N EARSHORE AREAS 
Toronto Harbour - Humber Bay Area 
In 1 98 1 , Ontar i o MOE adopted a comprehen s i ve approach to rev i ewi ng  
ex i s t i ng  watershed  data , a s  we l l a s  und ertaki ng new· s tud i e s  when  requ i red , 
a s  part of  the  TAWMS program . The purpo s e  of t h i s study was to determi ne  
l ocat i on s i n  the  Toronto area  watershed  whe re water qua l i ty requ i red 
i mprovement , wi th parti cu l ar emphas i s  on the  Don and  H umber  Ri vers  and 
M i mi co  Creek ,  and  to deve l op cos t-effect i v e  measures  for ach i ev i ng that 
i mprovement . Re s u l t s  of th i s ongoi ng program are pres ented i n  s everal  
pub l i cat i on s ( e . g .  1 68 , 1 69 , 22 7 ) . In add i t i on to t h i s program , numerou s 
s ed i ment contami nant s urveys were carri ed out i n  Toronto Harbour and H umber  
Bay between 1 97 6  and 1 982 . Thes e  stud i e s  h ave  been revi ewed i n  deta i l by 
Persaud et a l . ( 22 8 )  and prov i de a frame of reference  wi th wh i ch  to eval uate 
the  r e s u l ts of  the tr i butary stud i es . · 
Rou t i ne  mon i tori ng of  PCBs  and  organoch l or i ne  pe st i c i d e s  i n  waters at 
the  mouths  of the Humber and Don Ri vers  i n  1 98 1  and 1 982 i nd i cated the  
presence  of  many organ i c  compound s at l ev e l s above anal yti ca l  detect i on 
l i mi ts ( Tab l e 7 6 )  ( 220) . Frequen c i e s  of detect i on were con s i d�rab l y  h i gher  
i n  the  Don Ri v e r  than the  Humber , a s  were  max i mum obs erved l ev e l s .  
Nev erth e l e s s ,  the  maj ori ty of compounds  were d etected at  l e s s  than 1 0% 
frequency . Th e s e  resu l ts contra s t  thos e of a s i ng l e s u rvey undertaken i n  
October  1 98 1  a s · part of the  TAWMS program . Of the  2 1  organoc h l ori ne  
pe st i c i d e s  and  PCBs  sought , on l y  1 1  were d etec ted i n  the  Humber  Ri ver  and 
e i ght  i n  the  Don R i ver  ( Tab l e 7 7 ) . Thi s l atter s tudy emp l oyed l arger sampl e 
vol umes , there by e ffec t i v e l y  l ower i ng the  detect i on l i mi t .  The fact that 
more compoun d s  were reported i n  the  Humber  Ri ver  rout i ne  mon i tori ng program 
than the  TAWMS s urvey i s  probab l y  due  to fl ow cond i t i on s  preva l ent  at the 
t i me of  s amp l i ng .  Acres ( 1 69 )  determi ned the  l ev e l s of PCBs , organoch l or i ne 
pe st i c i d e s  and  s everal  c h l orophenoxy/ c h l orobenzoi c ac i d  herb i c i d e s  i n  the 
Don and  H umber R i vers  and M i mi co Creek dur i ng h i gh and  l ow cond i t i ons . Of 
the  35 compoun d s  sough t ,  1 7  were d etec ted . N i ne  of the se  compou nds , 
however , were d etec ted on l y  i n  samp l es  col l ected dur i ng h i gh fl ow events  
and , of the  rema i n i ng e i ght , a l most  a l l were found at greater concentrat i on 
dur i ng h i gh  f l ow peri od s ( 1 69 ) . I t  i s  apparent , then , that observed 
contam i nant l ev e l s i n  tr i butar i es  are s t rong l y  d ependent on fl ow cond i t i ons  
prevai l i ng at  the  t i me of  samp l i ng ,  and  ex i s t i ng rou t i ne  ( i . e .  month l y ,  
b i month l y) water qua l i ty mon i tori ng  programs are i nadequate to determi ne 
amb i ent  contami nant concentrat i on s  i n  ri vers . 
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TABLE 7 6  
PCB/ORGANOCH LORI N E  PESTICIDE CONCENTRATIONS ( ng / L )  
I N  WATERS OF THE HUMBER AND DON RIVERS : 
ROUTI N E  MON I TORING ,  1 98 1  - 1 982 
HUMBER RIVER DON RIVER 
COMPOUND n % >D . L .  Max . n % >D . L .  
PCBs 38 8 1 2 1  36 1 4  
Hexac h l orobenzene  3 1  3 2 33 58 
Heptach l or 3 1  0 < 1  33 0 
A l dr i n 3 1  0 { 1  33 0 
p , p • -DDE 31 0 < 1  33 6 
M i rex 31 0 <5 33 3 
a.-BHC 2 9  90 1 2  3 1  77  
B-BHC 2 9  1 0  9 3 1  23  
y-BHC 2 9  3 8  4 3 1  68 
a.-c h l ordane 2 9  3 2 3 1  1 3  
y-c h l ordane 29 0 < 2  3 1  1 0  
Oxyc h l ordane  2 9  0 <2  3 1  0 
o , p • -DDT 2 9  0 <5 31  3 
p , p • -DDD 2 9  0 <5 3 1  1 0  
p , p • -DDT 2 9  0 <5 31  6 
Methoxych l or 2 9  .0 <5 31  0 
a.-endos u l fan 2 9  0 <2 31 3 
B-endos u l fan 2 9  0 <4 3 1  6 
Endo s u l fan s u l�hate 29  0 <4 31 0 
H eptac h l or epox i de 2 9  0 < 1  3 1  6 
Di e l dr i n  2 9  3· 2 3 1  3 
Endri n 2 9  0 <4 31 3 
2 , 4 , 5-T 4 0 <50 - -
Pentac h l orophenol  4 1 00 200 - -
Sourc e :  Reference  ( 220) . 
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DETECTION 
Max . LIMIT  
1 35 20 
9 1 
< 1  1 
< 1  1 
9 1 





7 7  2 






1 0  4 
<4 4 
9 l 
1 4  2 




PCB/ORGANOCH LORINE  PESTICIDE CONCENTRATIONS ( ng / L )  
I N  F I LTERED WATER : TAWMS SAMPLI NG PROGRAM , OCTOBER 1 ,  1 98 1  
SAMPLING LOCATIONS 
MIMICO CREEK HUMBER RIVER DON RIVER DETECTION 
CONTAMI NANT MOUTH LIMIT  
PCBs 1 3 . 8* 8 . 8* ND  5 . 0  
Hexac h l orobenzene  2 . 6  0 . 5  ND  0 . 25 
Heptach l or ND ND  ND  0 . 25 
A l d r i n ND  ND ND  0 . 25 
p , p • -DDE ND ND ND 0 . 25 
M i rex ND ND ND 0 . 25 
a.-BHC ND 42 . 9  39 . 6  0 . 25 
13-BHC ND 0 . 7  0 . 4  0 . 25 
y-BHC ND  8 . 4  1 4 . 9* 0 . 25 
a.-c h l ordane ND 0 . 8  0 . 9 0 . 5  
y-c h l ordane ND 0 . 6  0 . 8  0 . 5  
oxyc h l ordane ND ND ND  0 . 5  
o , p 1 -DDD ND ND  ND 0 . 25 
p , p • -DDD ND ND ND 0 . 25 
p , p • -DDT ND ND ND 0 . 25 
Methoxych l or ND ND ND 1 . 0 
a.-endos u l fan ND 1 . 7 0 . 9  0 . 5  
13-endo s u l fan ND 1 . 1 ND  1 . 0 
Endos u l fan s u l phate ND ND ND 1 . 0 
Heptach l or epox i d e  N D  1 .  6 * 2 . 1  * 0 . 25 
Di e l dr i n ND 2 . 6* 3 . 6* 0 . 5  
Endr i n ND ND ND 1 . 0 
ND = Not d etected . 
* = Res u l t s  exceed obj ect i v e s  or g u i d e l i ne s  for unfi l tered water .  
Sou rc e : Referenc e  ( 1 68 ) . 
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Samp l i ng of s u rfi c i a l s ed i ments and young-of-th e-year  fi s h , i n  add i t i on 
to 2 1 -day expos ures  of  c l ams ( E l l i pt i c compl anatus ) ,  a s  part of the  TAWMS 
s tudy a l l owed a more general  a s s es sment of re l ati ve  contami nant  l ev e l s among 
the  three waters heds . Sed i ment  anal yses  from the  three tri butary mou ths  
revea l ed the  Humber  R i ver  to  b e  h i gh l y  contami nated wi th PCBs ( 360 ng/g )  and  
to  conta i n con s i derab l y  l es s er amounts  of a- and y-ch l ordan e ,  !DDT , 
a-BHC , a-endos u l fan and heptac h l or epox i de , a l l present  at l es s  than 1 0  
ng/g  ( Tab l e 7 8 )  ( 1 68 ) . Sedi ments from the  mouths  of the  Don R i ver  and 
Mi mi co Creek , i n  contra s t , were a l most  devoi d of contami nants  at ex i s t i ng 
detect i on l i mi t s . Th e s e  contrast i n g  res u l ts can b e  exp l a i ned  to a l arge 
d egree on the  bas i s of s e d i ment compos i t i on .  Parti c l e s i ze ana l ys i s 
d emon strated that Humber Ri ver  s ed i ments  were very fi ne  ( 40% c l ay ,  52% s i l t ) 
wi th a h i gh organ i c content ( Tab l e 7 8 )  ( 1 68 ) . Th e s e  s ed i ment s , therefore , 
wou l d  have a h i gh affi n i ty for PCBs and organoc h l ori ne  p e s t i c i d e s . 
Sedi ments  from M i mi co Creek and  the  Don R i ver , i n  contras t ,  were 
comparati v e l y  coarse  ( i . e .  sand or grave l ) and l ow i n  organ i c conte n t . 
Contami nant burdens  i n  c l ams prov i ded a c l earer p i cture  of cond i t i ons . 
At l ea s t  d ur i ng  the  2 1 -day peri od of expos ure , M i mi co Creek and  the  H umber  
R i ver  were  equa l l y  contami nated wi th PCBs ( Tab l e 7 9 ) , a conc l u s i on s u pported 
by PCB l ev e l s i n  young-of-th e-year fi s h  from these  s i tes  ( Tab l e 80) ( 1 68 ) . 
PCB l ev e l s i n  the  Don R i ver  were con s i derab l y  l ower , u ndetected  i n  c l ams and 
at concentrat i on s  i n  fi s h  approx i mate l y  30% l e s s  than the  H umber  R i v e r .  By 
way of compari s on , i n  a 1 97 9  s u rvey of 1 0  l ocati ons  a l ong the  Toronto 
shore l i ne of Lake Ontari o ,  S u n s et a l . ( 225)  fou nd PCB l ev e l s i n  
young-of-the-year spotta i l s h i ners  from the  Humber R i ver  mouth  to b e  the  
h i g h e s t  ( 1  , 223 ng/g )  of  a l l s i te s , exceed i ng thos e of the  N i agara Ri v er and  
Toronto Harbou r .  
' 
I n formati on on heavy metal  l ev e l s i n · tr i butari e s  i n  the  Toronto area. 
watershed  i s  l i mi ted . Rout i ne mon i tori ng  data from 1 978  to 1 980 ., col l.ec t,ed 
at the  mouths  of th& Humber and Don Ri vers , i s  s ummari zed i n  Tab l e 8 1  
( 1 68 ) . bf the  fi ve  meta l s con s i dered , l ead , copper and  z i nc  were h i gher i n  
the  Don Ri ver  than the  Humber , wh i l e  l i tt l e d i fference  was obs erved i n  
cadmi um and mercury concentrati on s  betwee� the  two r i vers . S i mi l ar dat� for 
1 98 1 -82 , but  for a more exten s i ve  l i s t of metal s ,  s howed the Don Ri v er to 
have h i gher  l ev e l s of l ead , copper , z i n c  and chromi um than the  H�mber Rj v e r ,  
a n d  approxi mate l y  equa l  con cen trat i on s  o f  arsen i c and i ron . On l y  cadmi um 
and mercury were greater i n  the  Humber Ri ver  ( Tab l e 8 2 ) . 
The on l y  i nformati on on h eavy metal l ev e l s i n  Mi mi co Creek are from two 
samp l i ng occas i on s  i n  September and October 1 98 1 , col l ected a s  part of the  
TAWMS s tudy ( 1 68 ) . Thes e  l i mi ted data  s ugge s t  that  l ev e l s of  h eavy meta l s 
i n  M i m i co Creek are s i mi l ar to thos e of the  H umber  Ri ver . 
Bas ed on a compari son of concentrati on s  of heavy metal s i n  the  Don and  
H umber Ri vers  i n  1 98 1  and  1 982 wi th the i r respect i v e Agreemen t  obj ect i ves , 
i t  was apparent  that s ev eral  metal s exc eeded the i r obj ect i v e s  wi th  a 
frequency greater than 50% ( Tab l e 82 ) . I n  d ecreas i ng ord er  of exceeden c e ,  
i ron was fi r st , wi th 1 00% o f  samp l e s exceed i ng the  obj ect i ve  o f  300 �g/ L  
for the  prote ct i on o f  aquati c l i fe .  Mean conc entrat i ons  of  i ron i n  both 
r i vers  were more than fou r  t i mes  greater than the  obj ect i v e .  Copper  
fol l owed c l os e l y ,  exceed i ng  the  5 �g / L  obj ect i ve  wi th an 86% and  92% 
frequency i n  the  H umber and Don R i vers , respect i v e l y ,  and wi th mean 
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TABLE  7 8  
PCB /ORGANOCHLORINE ' PESTICIDE CONCENTRATIONS ( ng / g )  
I N  SURFACE BED S ED IMENTS : TAWMS SAMPLING PROGRAM , OCTOBER 1 ,  1 98 1  
SAMPLING LOCATIONS  
MIMICO CREEK HUMBER RIVER DON RIVER DETECTION 
CONTAMI NANT MOUTH LIMIT  
PCB s  N O  360 25  20  
Hexac h l orobenzene NO  NO  NO  1 
H eptac h l or· ND  NO NO  1 
A l d ri n  NO  NO  NO  1 
p , p ' -DDE N O  NO  1 1 
M i rex NO  N O  NO  5 
a.-BHC N O  1 ND  1 
B-BHC NO N O  NO  1 
y-BHC NO 1 ND  1 
a.-ch l ordane  NO  8 NO  2 
y-ch l ordane NO  8 N D  2 
oxyc h l ordane  NO  NO  ND  2 
o , p ' -000 N O  N O  ND  5 
p , p ' -OOD NO' 6 ND  5 
p , p ' -OOT NO  6 ND  5 
Methoxych l or NO  ND  NO  4 
a.-endo s u l fan N O  2 ND  2 
13-endo s u l fan NO ND ND 4 
E n do s u l fan s u l phate  NO  ND  ND  4 
Heptac h l or epox i de 1 1 ND 1 
Di e l dr i n NO  N D  N D  2 
Endri n ··No  NO  ND  4 
ND  s Not d etected . 
Sourc e :  Referenc e  ( 1 68 ) . 
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TABLE 7 9  
PCB/ORGANOCH LORINE  PESTICIDE CONCENTRATIONS ( ng / g )  
I N  FRESHWATER CLAMS ( E l l i pt i o compl anatu s )  AFTER 2 1  DAYS EXPOSURE , 1 98 1  
SAMPLI NG LOCATIONS  
MIMICO CREEK HUMBER RIVER DON RIVER DETECTION 
CONTAMINANT MOUTH LIMIT  
PCBs 64±6 63±1 4 ND  20 
Hexac h l orobenzene NO NO 1 ±1 1 
Heptach l or NO  ND  NO 1 
A l dr i n NO  ND  NO 1 
p , p ' -DDE NO NO 1± 1 1 
Mi rex NO NO ND  5 
a.-BHC ND 4±2 ND  1 
B-BHC NO NO  NO 1 
y-BHC NO 8±1 3±3 1 
a.-ch l orda n e  5±2 1 ±0 2±1 2 
y-ch l ordane  7±5 NO  1 ±1 2 
oxyc h l ordane 4±3 1 ±1 NO  2 
o , p ' -DDD ND  ND  NO  5 
p , p ' -DDD NO NO NO  5 
p , p ' -DDT ND  NO NO  5 
Methoxych l or ND NO NO 4 
a.-endosu l fan NO NO NO 2 
B-endos u l fan ND NO NO 4 
Endos u l fan s u l phate ND  ND  ND  4 
H eptach l or epox i de 3±3 1 ±1 ND  1 
D i e l dr i n NO 2±1 NO 2 
Endri n NO NO NO 4 
ND  = Not d etected . 
Sou rc e :  Referenc e  ( 1 68 ) . 
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SPEC I ES 
Length ( mm)  




I:Ch 1 ordane 
TABLE 80 
PCB/ORGANOCH LORINE  PESTICIDE CONCENTRATIONS ( ng / g )  
I N  YOUNG-OF-TH E-YEAR F I SH , 1 98 1  
SAMPLING LOCATION 
MIMICO CREEK MOUTH HUMBER RIVER MOUTH DON RIVER 
( 1 0  km UPSTREAM) 
SPOTTAI L SHINER  SPOTTAI L SH I N ER LONGNOSE DACE 
68 .± 4 62 .± 5 46 .± 3 
6 . 4  .± 0 . 2  5 . 0  .± 0 . 8  7 . 0 .± 0 . 7  
1 05 1  .± 1 05 954 .± 45 440 .± 64 
1 37 .± 1 8  85  .± 4 1  69  .± 20 
1 9  .± 2 1 0  .± 2 5 6  .± 1 7  
47 .± 3 26  .± 9 68 .± 5 







TABLE 81  
TRACE METAL CONCENTRATIONS (�g/L)  I N  THE  HUMBER 
AND DON RIVERS : ROUTINE  MON I TORI NG ,  1 978- 1 980 
STATION 
HUMBER RIVER DON RIVER 
PARAMETER (MOUTH ) (MOUTH) 
Medi an <30 <30 
Max i mum 250 320 
Mi n i mum <30 <30 
N 48 36 
'1 Exceed i ng 1 3  22 
Obj ecti ve of 
25 �g/L  
Med i an < 1 0  20 
Max i mum 90 1 20 
Mi n i mum < 1 0  < 1 0  
N 46 33 
'1 Exceed i ng 44 55 
Obj ecti ve  of 
5 �g/ L  
Medi an 20 40 
Max i mum 340 500 
Mi n i mum < 1 0  < 1 0  
N 34 36 
'1 Exceed i ng 26 56 
Objec t i v e  of 
30 �g/ L  
Medi an < 5 . 0  < 5 . 0  
Max i mum 30 . 0  1 3 . 0  
Mi n i mum <5 . 0  <5 . 0  
N 46 33 
'1 Exceed i ng 1 1  2 1  
Obj ec t i v e  of 
0 . 2  �g/L 
Medi an <0 . 03 0 . 04 
Maxi mum 0 . 27 0 . 27 
Mi n i mum <0 . 02 <0 . 02 
N 52 37 
'1 Les s  than 36 1 1  
Dete c t i on l i mi t of 
0 . 03 �g/L 
Sou rc e :  Reference ( 1 68 ) . 
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TABLE 82  
· TRACE METAL CONCENTRATIONS ( �g/ L )  I N  TH E HUMBER AND  DON RIVERS : 
ROUTI N E  MON I TORING ,  1 98 1 - 1 982 
STATION 
VARIABLE HUMBER RIVER DON RIVER DETECTION 
MOUTH MOUTH LIMIT  
ARSENIC  Mean  of  Detectab 1 es 2 2 1 . 0 
Maxi mum 5 5 
N 37 38  
% exceed i ng detect i on  
1 i mi t 1 9  1 4  
% exceed i ng  obj ecti v e  
o f  5 0  �g/ L  0 0 
CADMI UM Mean of Detectab 1 e s  2 . 6  0 . 7  0 . 1  
Max i mum 48 3 
N 42 37 
% exceed i ng  detect i on 
1 i mi t 62  7,6  
% exceed i ng obj ec t i v e  
of  0 . 2  �g/ L  50 65 
CHROMI UM Mean of Detectab 1 es 1 4  20 2 . 0  
Maxi mum 1 30 270 
N 3 1  37 
% exceed i ng  detect i on 
1 i mi t 97 1 00 
% exceed i ng  obj ect i v e  
of  5 0  �g/ L  3 3 
COPPER Mean of  Detectab 1 es 1 3  24 1 . 0 
Maxi mum 82 1 40 
N 1 9  25  
% exceed i ng detect i on 
1 i mi t 1 00 1 00 
% exceed i ng obj ecti v e  
of  5 �g/ L  86  92  
I RON Mean of Detectab 1 e s  1 , 270 1 ' 3 1 0 1 8  
Maxi mum 3 '  1 00 8 , 600 
N 1 9  J 25 
% exceed i ng detect i on 
1 i mi t 1 00 1 00 
% exceed i ng  obj ect i v e  
of 300 �g/ L  1 00 1 00 
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TABLE 82 ( Cont i nued )  
TRACE METAL CONCENTRATIONS ( �g / L )  I N  TH E HUMBER AND DON R IVERS : 
ROUTI N E  MON I TORING ,  1 98 1 - 1 982 
STATION 
VARIABLE HUMBER RIVER DON RIVER DETECTION 
MOUTH MOUTH LIMIT  
MERCURY Mean of Detectab 1 e s  0 . 1 7  0 . 1 4  0 . 0 1 
Maxi mum 1 . 47 1 .  1 1  
N 3 5  3 1  
% exceed i ng  detec t i on 
1 i mi t 60 7 1  
% exceed i ng  obj ect i v e  
of 0 . 2  �g/ L  NA NA 
N I CKEL Mean of  Detectab 1 e s  - 7 1 . 0 
Maxi mum - 1 1  
N - 2 1  
% exceed i ng detec t i on 
1 i mi t - ·1 00 
% exceed i ng obj ec t i v e  
o f  25  �g/ L  - 0 
LEAD Mean of  Detectab 1 e s  1 6  27 3 . 0  
Maxi mum 72 1 60 
N 36  37  
% exceed i ng d e t ec t i on 
1 i mi t 75  92 
% exceed i ng  obj ect i v e  
of  2 5  �g/ L  1 7  1 1  
-
Z I NC Mean of  Deteatab 1 e s  2 3  48 1 . 0 
Maxi mum 1 20 3 1 0  
N 3 1  37 
% exceed i ng detect i on 
1 i mi t 1 00 1 00 
% e x c eed i ng  obj ect i v e  
of  3 0  �g/ L  1 6  54 
- 241  -
conc e ntrat i on s  three  to fi v e  t i mes  greater than the  obj e c t i v e  l ev e l . 
Cadmi um i n  both r i vefs and ztnc  i n  the  Don R i v e r  a l so  exc eeded the i r 
respec t i v e  obj e c t i v e  con centrat i ons  wi th greater than  50% freque n cy . Lead 
and c h romi um l ev e l s i n  both r i vers  and z i n c  i n  the Humber  R i v e r  exceeded 
the i r obj e c t i v e s  i n  l e s s  than 20% of the s amp l e s ,  wh i l e  on l y  ar sen i c and 
n i cke l  were con s i s t en t l y  l e s s  than the obj ect i v e s . 
I n format i on on heavy meta l  l ev e l s i n  Toronto Harbour are l i mi ted . 
Lev e l s are  mon i tored on l y  i n  as soc i at i on wi th s t ud i e s  eva l uat i ng  d redg i n g  
a n d  d i sposa l  i mpacts  i n  the  harbour ( 22 9-23 1 ) ,  a n d  a r e  nonex i s te n t  i n  H umber  
Bay . Samp l i ng s i te s  from non-i mpacted areas u s u a l l y  con s i s ted of one  s i te  
i n  each  of  the  i n ner  and outer  harbour s , and two s i t e s  i n  the  n ears hore 
zon e , s p ec i fi c a l l y  at the  i n take l ocat i ons  for the  R . C .  Harri s and  Toron to 
I s l and  f i l trat i on p l ants . I n  addi t i on ,  one  s i te was l ocated abov e the  
d i s charge for. the  Toronto Mai n STP . I t  i s  d i ffi c u l t to d raw genera l  
conc l u s i on s  from th e s e  data  due  to  d i fferences  i n  s amp l i ng frequency and  
meta l  ana l ys e s  comp l eted . For  examp l e ,  i n  1 980 , s amp l i ng was carr i ed out  on  
1 1  to 1 3  occas i on s  from September  to  November  for l ead , z i n c ,  copper  and  
c h romfum . I n  1 98 1 , the  number of s amp l i ng ev ents  ranged from 1 9  to 34 , 
depend i n g  on the  s i te ,  from May to November  and wi th ana l ys e s  c arr i ed out 
for cadmi um , l ead , copper and  z i n c . The number of s amp l i ng events  i n  
1 982-83 ranged from fou r  to s i x and covered 22  meta l s .  
As  expec ted from the  mon i tori ng  re s u l t s  for the  two r i v er s , c admi um and 
copper l ev e l s i n  both the i n ner  and outer harbours  occas i on a l l y  exceeded the  
Agreeme n t  obj ect i v e  l i mi t s . The  frequency of exc eedence  for c admi um was  25 
to 35% i n  1 98 1  and 1 982-83 wi th a max i mum obs erved concentrat i on of  
1 . 1 �g/ L .  For copper , the  frequ ency o f  exc eedence  ranged from 0 t o  75% ,  
depend i n g  o n  t h e  year , wi th a max i mum conc e n trat i on o f  2 6  �g / L .  O f  the  
oth er  me ta l s ,  c h romi u m ,  l ead and z i n c  on l y  exceeded obj ec t i v e  l i mi t s  once  i n  
the  i nn e r  harbou r .  
The extent  to whi c h  e l evated l ev e l s of copper  and cadmi um are the  
con s equence  of i nputs  from the  Don and  Humber R i ver s  i s  u n c e rtai n a s  both 
mon i tori n g  s i te s  i n  the nears hore zone ( i . e .  dr i nki ng water i ntake s )  
exh i b i ted occas i on a l  exc eedence s  of the s ame parameters  ( copper 1 5-55% ,  
c admi um 30-35%) . N o  other metal  exceeded i ts Agreement  obj e c t i v e  a t  the se  
s i te s . 
Trac e meta l l ev e l s i n  the  s ed i ments  of Humber Bay and Toronto Harbour 
genera l l y  refl ect  the  r i ver  mon i tori ng  data . Leve l s of copper , l ead , and 
z i n c  we re h i g h e s t  i n  the  Toronto I n n e r  Harbou r ,  whi l e  H umber  Bay was 
i n termed i ate  and the  Toronto Outer Harbour the  l owe s t  ( Tab l e 83 , F i g s . 88  to 
90 and 92 to 94) ( 22 8 ) . Ch romi um and merc u ry con centrat i on s  were 
approx i mate l y  equ i v a l ent . I n  contrast  to the  heavy metal s ,  t he  
concentrat i on of PCBs i n  Humber Bay s ed i men t s  was  con s i derab l y  greater than 
that i n  Toronto Harbour ( Tab l e 83 , F i g s . 9 1  and 95 ) . The s e  compari son s  mu s t  
b e  con s i d e red tentat i v e ,  though , a s  there was a three-year d i fference  
between the  H umber Bay and Toronto Harbour s urveys  ( 22 8 ) . 
I t  i s  s i gn i fi cant  that , i n  Humber Bay , the  h i g h e s t  contami nant  l ev e l s 
were conc e n trated arou nd the  mouth of the  Humber R i v er and M i mi co Creek , as  
wou l d be expec ted . I n  Toronto Harbour , howev er , h i ghe s t l ev e l s were fou nd 
a l ong the waterfront ,  parti c u l a r l y  i n  the northwe s t  corner of the harbou r .  
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TABLE 83  
CONTAMI NANT LEVELS IN  BOTTOM SEDIMENTS OF TORONTO HARBOUR 
AND HUMBER BAY 
TORONTO HARBOUR ( 1 97 6 )  HUMBER BAY ( 1 97 9 )  
I N N ER HARBOUR OUTER HARBOUR HUMBER BAY 
PCBs 1 80 . 8 ± 42 1 . 7  1 1 . 4 ± 3 . 8  269 . 5  ± 2 65 . 8  
<20 - 2000 <20 - 20  <20 - 1 330 
Hg 0 . 256  ± 0 . 1 66 0 . 066  ± 0 . 07 6  0 . 295  ± 0 . 237 
<0 . 0 1  - 0 . 67 < 0 . 0 1 - 0 . 26 <0 . 0 1 - 1 . 20 
Cr 7 6 . 3  ± 32 . 7  22 . 6  ± 20 . 7  83 . 5  ± 1 1 6 . 3  
5 - 1 30 3 - 56 3 - 665  
Cu  7 9 . 1 ± 39 . 5  1 9 . 8  ± 1 9 . 7  46 . 0  + 45 . 8  
3 - 1 60 2 - 50 3 = 2 65 
P b  306 . 8  ± 267 . 9  47 . 8  ± 49 . 8  82 . 6  ± 88 . 7  
6 - 1 300 3 - 1 30 6 - 520 
Zn 355 . 0  ± 1 75 . 7  56 . 8  ± 57 . 5  1 72 . 2  ± 2 1 5 . 4  
2 2  - 800 5 - 1 70 1 4  - 1 22 5  
. 
Ni  2 5 . 6  ± 1 1 . 6 1 1 . 0 ± 9 . 0  No data 
4 - 37 3 - 25  
Cd No data No data 2 . 3 8  ± 3 . 84 
0 . 04 - 2 2 . 0  
A l l data a s  �g /g exc ept for PCBs a s  ng/g . 
Res u l t s  expre s s ed a s  mean ± s ta n dard d ev i ati on 
mi n i mum-max i mum 
Source :  Reference  ( 22 8 ) . 
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HUMBER RIVER 
( 2 . 5  km radi u s )  
563 . 8  ± 3 8 1 . 4  
<20 - 1 330 
0.  463 ± o . . 348 
0 .  1 9  - 1 .  20 
2 2 1 . 1  ± 2 1 0 . 6  
53  - 6 65 
1 02 . 5  ± 7 4 . 1  
39  - 265  
1 8 1 . 5 ± 1 55 . 2  
5 1  - 520 
435 . 6  ± 375 . 0  
1 20 - 1 225  
No  data  
7 . 24 ± 6 . 80 





.............. ...  .. 
• • • 
<25 
. 
·· .. \ 
} 
. I I 25 
>25 
• • • 
.......... � 
(.2� ) ..... .. ····.:::��������������:····, 
.
... � 
/ . .. .... sO ,fx, 
• 




DISTRIBUTION OF COPPER (JJg/g) IN THE SEDIMENTS OF HUMBER BAY, 1 979. 
Source: Reference (228). 
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DISTRIBUTION OF LEAD (IJg/g) IN THE SEDIMENTS OF HUMBER BAY, 1 979. 
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FIGURE 90. 
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DISTRIBUTION OF ZINC (JJg/g) IN THE SEDIMENTS OF HUMBER BAY, 1 979. 
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DISTRIBUTION OF PCBs (ng/g) IN THE SEDIMENTS OF HUMBER BAY, 1 979. 





I -=�-=====----·· � 
;..C:::O_=:IO_===::::::::i.5 MILES 
DISTRIBUTION OF COPPER (lJg/g) IN TI-;IE SEDIMENTS OF TORONTO 
HARBOUR, 1 976. 
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DISTRIBUTION OF LEAD (lJg/g) IN THE SEDIMENTS OF TORONTO 
HARBOUR, 1 976. 
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DISTRIBUTION OF ZINC (IJQ/g) IN THE SEDIMENTS OF TORONTO 
HARBOUR, 1 976. 
Source: Reference (228). 
I 
I 
DISTRIBUTION OF PCBs (ng/g) IN THE SEDIMENTS OF TORONTO 
HARBOUR, 1 976. 
Source: Reference (228). 
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Thi s s ugge s t s  l oc a l i zed sourc es  of contami n an t s  i n  t h e s e  areas , s uc h  a s  
s torm s ewers , a l though the  h i gh  con c entrat i ons  may b e  attr i butab l e to the  
fac t  that  the s e  are depos i t i on a l  areas . 
To p rov i de some perspect i v e  a s  to what the  l ev e l s of  contami nants  i n  
s ed i ments  actua l l y  mean , compari son can be  mad e to the  Ontar i o MOE 
Gu i d e l i ne s  for Open Water  D i sposa l  of Dredged Materi a l . Th e gu i d e l i ne s  are 
used to i nd i cate  the  degree of chemi ca l  contami nati on , a l though exc eedence  
of the  gu i d e l i ne does not nec e s s ari l y  i mp l y  that bi o l ogi ca l  and /or water 
qua l i ty i mpacts  are occurri ng ( 22 8 ) . As  a gu i de , contami nant  l ev e l s l e s s  
than the i r respect i v e  gu i d e l i n e ( s ee Tab l e 84 for a part i a l  l i s t i ng )  can be 
con s i dered c l ean , and tho s e  i n  e x c e s s  can be  con s i dered contami nated . 
Concentrat i on s more than  twi c e  the  gu i de l i ne are h i gh l y  contami nated ( 22 8 ) . 
TABLE 84 
PARTIAL LIST OF ONTARIO MOE GUI DELI N ES 
FOR OPEN WATER DISPOSAL OF DREDGED MATERIAl 
. PARAMETER L IMIT  ( J.lg / g )  
Ars en i c 8 . 0  
Cadmi um 1 . 0 
Chromi um 25 
Copper 25 
Lead 50 
Merc u ry 0 . 3  
N i cke l 25  
Z i n c  1 00 
PCBs 50 ng/g  
When  the  average s ed i ment concentrati on s  of heavy meta l s were compared 
to t h e s e  gu i de l i ne s , i t  cou l d be con c l uded that , i n  general , s ed i ments  i n  
Toron to I nner  Harbour were h i gh l y  contami nated . Two excepti ons  were mercury 
and n i cke l , wi th  average concentrat i on s l e s s  than the i r gu i d e l i n e s , a l though 
spec i fi c s i t e s  d i d exceed  the gu i d e l i ne s . Humber Bay cou l d  be con s i d ered 
h i gh l y  contami nated wi th  PCBs , c h romi um and cadmi um and contami nated wi th 
coppe r ,  l ead and z i nc . W i t h i n a 2 . 5  km rad i u s  of the  H umber  Ri v e r  mouth , 
a l l contami nants  great l y  exceeded the  dredgi ng gu i d e l i n e s , i nd i cat i ng that 
th i s area was h i gh l y  con tami nated . 
We l l and Ri v e r  Waters hed  
Leve l s of organ i c  compounds  i n  the  heav i l y  i nd u s tri a l i zed We l l and  Ri ver  
watershed were i nv e s t i gated i n  1 980 and 1 98 1 . Based  on an i n i t i a l s c reen i ng 
of 3 1  s i te s , Kai s e r  et  a l . ( 232 )  i d ent i fi ed two s i te s , both down s tream of 
i nd u s tri a l  outfa l l s ,  as hav i ng vo l at i l e  ha l ocarbon l ev e l s s i gn i fi cant l y  
above background v a l u e s . Detai l ed s t ud i e s  of water , s ed i ment  and fi s h  at 
t h e s e  two s i t e s  d emons trated that the predomi nant s u b s tances  were not the 
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11 typ i c a l 11 organoc h l or i n e  contami nants  sought i n  the  maj ori ty of watershed  
s tud i e s  but  rather  were  re l ated to the  product i on of ami no r e s i n s , 
p l a s t i c i zers  ( i ntermed i ate s )  or as soci ated products . Tentat i v e  
i dent i fi cat i ons  were made for 32  compounds , pr i mari l y  a l ky l ated benzenes , 
benza l d ehyde s  and  heterocyc l i c  compounds . Of the se  32 compounds , 1 1  were 
found  i n  s potta i l s h i ners  and /or carp at t h e s e  s i te s , a l though none appeared 
to bi oaccumu l ate·  ( 23 3 ) . 
S i mi l ar i nv e s t i g at i ons  were undertaken i n  the  We l l and Can a l  and Twe l v e 
M i l e  Creek i n  1 983 and  1 984 . Res u l t s  of ana l ys i s for vol ati l e  ha l ocarbon 
contami nants  i n  the down s tream reaches  of the s e  two tr i butari e s  are 
pre s ented i n  Tab l e 85 , wh i l e  res u l t s  for c h l ori nated phenol s ,  organoch l or i ne  
compounds  and PAH s at  the i r' mouths  are  pres ented i n  Tab l e s  86 , 87 and 88 , 
respecti v e l y .  As  wi th the  We l l and Ri v e r  s amp l e s ,  c h romatograms of the  water 
s amp l e s  i nd i cated the presence  of many other nonrout i n e  compounds . Mas s  
spectrometry i dent i fi cati on for the  Twe l ve M i l e  Creek ( i . e .  Port Dal hous i e ) 
s amp l e rev ea l ed to l ue n e , benzothi azo l e ,  d i ocyt l phtha l at e  and a pyr i d i ne  
compound . The  remai n i ng  compounds , and tho s e  i n  the  We l l and Cana l  ( Port 
We l l er )  s amp l e .  cou l d not be  i dent i fi ed . 
· 
Comba and Kai s e r  ( 23 3 )  stre s s ed that . at l ea s t  for the  We l l and  R i ver , 
We l l and Can a l  and  Twe l v e Mi l e  Creek , the  more routi n e  contami nan t s  
( organoch l or i n e s . PCBs , c h l orobenzene s )  d o  not account for a s i gn i fi cant 
proporti on of the  tota l  organi c  l oad to Lake Ontari o ( 232 , 23 3 ) . The  fact 
that many of the s e  nonrout i ne  compounds  have comparati ve l y  s hort ha l f- l i ve s  
r e l ati v e  t o  organoch l or i n e s - a n d  PCBs a n d  fai l t o  b i oaccumu l ate , may i nd i cate 
that the i r poten t i a l  to adver s e l y i mpact the  l ake i s  mi n i ma l . N ev erth e l e s s , 
the i r l ev e l s wi th i n  the  watersheds  thems e l v e s  are often h i gh and may pos e a 
threat to organ i sms wi th i n thos e areas . Di ckman and  Stee l e ( 234)  have 
a l ready noted that the  frequency of gonada l  n eop l asms i n  c arp-go l dfi s h  
hybri d s  i n  the  We l l and  Ri ver  i nc rea s e s  down s tream a s  the  number of 
i nd u s tr i a l  outfal l s  i nc rea s e s . I n  the  reach of ri v er whi ch  rece i v e s  the  
l arge s t  quanti t i e s  of mun i c i pa l  and i ndu stri a l  wastes . the  frequency of 
gonadal  n eop l asms was 48% , compared wi th  a comp l ete abs ence  of tumours  i n  
1 , 066  fi s h  i n  an ups tream , rura l  ag ri c u l tural  area . 
The s e  res u l ts d emon s trate the  n eed to deve l op comprehen s i v e  strategi e s  
t o  i dent i fy ,  quanti fy a n d  pri ori t i ze the  hazardou s wastes  be i ng d i s charged 
i nto the vari ou s waterways and to deve l op appropri ate  control  measures . 
TRENDS I N  lRACE CONlAMI NANlS I N  LAKE ONTARIO 
Trends i n  Trace Contami nan t s  i n  Bi ota 
I n  respon s e  to an i ncrea s i ng body of ev i dence  documenti ng  the 
pers i s tence  and  b i oaccumu l ati on poten t i a l  of n umerous  organ i c  compounds , 
res tri c t i ons  and ban s on  the i r manu facture and u s e  were i mpos ed i n  both 
Canada and the U n i ted State s . The maj ori ty of cyc l od i ene  p e s t i c i d e s  
( a l d ri n ,  d i e l dr i n .  endr i n ,  h eptach l or .  endos u l fa n )  were e i ther  banned or 
restri c ted i n  the  l ate 1 960s or ear l y  1 970s . A l dri n and i t s tox i c 
metabol i te ,  d i e l dri n .  were banned i n  Ontari o i n  1 969  and i n  the  U . S .  i n  
1 974 , and  n e i ther  compound i s  pre s e n t l y  man ufactured i n  North Amer i ca . 
Endri n i s  c urrent l y  regi s tered for res tri c ted u s e  i n  Canada but  has  not been 
i mported or u s ed i n  Ontari o i n  recent  year s . Agri c u l tural  app l i c at i ons  of 
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TABLE 85 
VOLATI LE HALOCARBON CONTAMI NANTS I N  THE WELLAND CANAL AND 
TWELVE M I LE CREEK , 1 983  ( ng / L )  
STATION LOCATION 
TWELVE M I LE CREEK WELLAND CANAL 
DI STANCE UPSTREAM ( km)  6 1 2 4 7 
COMPOUND 
Freon I I  2 .  1 23  23  2 6  1 1  
Methy l e n e  c h l or i de  1 00 1 50 350 1 00 200 
Ch l oroform 250 48 570 5 8  3300 
1 , 1 , 1 -Tri c h l oroethane  1 9  1 1  32  1 1  23  
Carbon t etrach l or i de  3 . 6  3 . 8  9 . 2  1 8  3 . 1  
Tri c h l oroethy l ene  3 . 0  5 . 6  1 1  0 7 . 2  54 
D i c h l orobromomethane 5 . 8  9 . 7 250 29 87 
Di bromoc h l oromethane Trace 2 . 7  83  7 . 2  5 . 5  
1 , 1 , 2-Tri c h l oroethane  NO J .  1 8 . 2  1 . 4 1 20 
Tetrach l oroethyl ene  5 . 8  1 4  1 200 3 . 9  4 1  
Carbon d i s u l fi de NO NO NO NO NO 
ND = Not detected . 
Source : Referen c e  ( 233 ) . 
TABLE 86  
9 
1 5  
35 
1 . 4 
2 . 5  







CH LOROPH ENOL LEVELS IN  SELECTED SURFACE WATERS OF  TH E WELLAND CANAL 
AND TWELVE MI LE CREEK , JANUARY 1 984 ( ng/ L )  
STATION LOCATION 
ITWELVE M I LE CREEK WELLAND CANAL 
DISTANCE UPSTREAM ( km)  1 2 
PH ENOL 
2 , 6-Di c h l orophenol  NO 47 
2 , 4-Di c h l oropheno l  NO 1 05 
2 , 4 , 6-Tri c h l orophenol  NO  67 
2 , 4 , 5-Tri c h l orophenol  NO 7 
2 , 3 , 4-Tri c h l orophenol  NO 7 
2 , 3 , 4 , 6-Tetrach l oropnenol  1 232  
Pentac h l orophenol  1 1 1 03 
ND = Not detected . 
Sourc e : Referen c e  ( 2 3 3 ) . 
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TABLE 87 
ORGANOCH LOR I N E  CONTAMI NANTS I N  WATER SAMPLES FROM THE MOUTHS OF TH E 
WELLAND CANAL AND TWELVE MI LE CREEK , JANUARY 1 984 ( ng / L )  
STATION LOCATION 
TWELVE M I L E  CREEK WELLAND CANAL 
DI STANCE UPSTREAM ( km)  1 2 
COMPOUND 
1 , 2-d i c h 1 orobenzene 80 
1 , 3-d i c h 1 orobenzene 64 
1 , 4-d i c h 1 orobenzene ND 
1 , 2 , 4-tri c h 1 orobenzene NO 
1 , 2 , 3-tri c h l orobenzene 38  
1 , 3 , 5-tri c h l orobenzene ND 
1 , 2 , 3 , 4-tetra c h l orobenzene NO 
1 , 2 , 4 , 5-tetrach l orobenzene 1 0  
1 , 2 , 3 , 5-tetrac h l orobenzene  NO 
Pentach l orobenzene NO 
Hexac h l orobenzene  2 . 0  
Hexach l orobutad i ene  NO  
Hexach l oroethan e NO  
A l dri n NO 
Heptac h l or 2 . 0  
Heptach l or epox i de  NO  
p , p • -ooE 5 . 3  
p , p • -ooT 6 . 1  
p , p • -ooo ND 
�-c h l ordane  NO 
y-c h l ordane NO 
li ndan e NO 
�-endos u l fan NO 
B-endos u l fan NO 
Di e l dri n NO 
Endri n NO 
Methoxych l or NO 
M i rex NO 
PCBs 6 . 8  
NO = Not detected . 
T = Trac e .  
Sourc e : Reference  ( 23 3 ) . 
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TABLE 88  
POLYNUCLEAR AROMATI C  HYDROCARBON CONCENTRATIONS I N  WATER SAMPLES FROM THE 
MOUTHS OF THE WELLAND CANAL AND TWELVE M I LE CREEK ,  JANUARY 1 984 ( ng / L )  
STATION LOCATION 
�WELVE MILE CREEK WELLAND CANAL 
DI STANCE UPSTREAM ( km)  1 2 
COMPOUND 
I ndene  NO  3 90 
1 , 2 , 3 , 4-Tetrahydronaptha l ene  NO  NO  
Naphtha l en e  NO NO 
2-Methyl naphtha l en e  N O  NO  
Qu i no l i ne 220 350 
1 -Methyl naphtha l en e  220 870 
B-Ch l oronaptha l e n e  N O  NO  
Acenaphthy l e n e  N O  N O  
Acenaphthene  NO NO  
F l uore n e  N O  N O  
Phenanthrene  NO NO 
Anthracenene  NO  NO  
F l uoranthene  NO  NO 
Pyrene  NO  NO 
Chry s e n e  N O  N O  
Benzo [ j ] or [ k] f l uoranthene  NO NO 
Benzo [ b] fl uoranthene  NO  NO  
Benzo [ a ] anthrace n e  430 430 
Benzo [ b] c h rysene  NO  NO  
Benzo [ b ] pyren e  NO NO  
Benzo [ a ] pyren e  N O  NO  
Pery l e n e  N O  N O  
I ndeno[ l , 2 , 3 , c , d ] pyrene  NO  NO  
D i benz [ a , h ] anthrac ene NO 390 
Benzo [g , h , i ] pe ry l ene  NO  NO  
NO = Not  d etected . 
Sou rc e : Reference  ( 23 3 ) . 
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h eptach l or were banned  i n  Ontari o i n  1 969  and restri cted i n  the  U . S .  i n  
1 976 ; howeve r .  i t  i s  s t i l l  u s ed commerc i a l l y  i n  s i gn i fi cant amou nts . 
Endos u l fan conti nue s  to be  u s ed i n  Canada as a broad-spectrum i n s ect i c i d e  
and acari c i d e .  I t  i s  on the  U . S .  res tri cted l i s t but  s i gn i fi cant  u s age  
s t i l l  cont i nue s  ( 235 ) . 
A l though not a cyc l od i e n e  pest i c i de ,  DDT was bann ed i n  Ontari o i n · l 969 , 
except for control  of rodents  and bat s . U s e  of DDT was bann ed i n  the  u . s .  
i n  1 972 , a l though i t  cont i nues  to be  manufactured there . Methoxych l or ,  the  
p , p ' -methoxy anal og of DDT , howeve r ,  i s  c u rren t l y  not restr i c ted . 
S i mi l ar l y ,  tech n i ca l  grade BHC ,  contai n i ng the  a- and y-i somers  i n  a 
rat i o  of approxi mate l y  5 : 1 ,  was res tri cted i n  the  1 970s , a l though l i ndane 
cont i nue s  to be  u s ed , a l be i t i n  great l y  reduced quanti t i e s . Prod u ct i on of 
PCBs i n  the U . S . ceased  i n  1 977 , after s u b s tant i a l d e c l i ne s  s i n c e  i ts peak 
i n  1 970 . 
S i n c e  the  u s e  or app l i cat i on of the se  compounds  has  ceased  or has  been  
s evere l y  c urtai l ed for over  a decade , i t  wou l d  b e  expected that the i r 
conc entrati on s  throughout the  Great Lakes wou l d have dec l i ned  s u b s tanti a l l y  
through s u c h  mec hani sms a s  f l u s h i ng o f  the  l akes , s ed i ment sorpt i on and 
s ed i mentat i on , vo l ati l i zati on , and chemi ca l  and /or b i o l og i ca l  d egradat i on .  
Un l i ke nutr i ents , no  l ong-term water qual i ty record s of trace organ i c  and­
metal contami nants  e x i s t  that can b e  u s ed re l i ab l y  to doc umen t  s uc h  
dec l i ne s . To a s s e s s  l akewi de  respon s e  to remedi a l efforts o f  reduced· 
contami nant l oadi ngs  s i nce  1 974 , i nd i cator organi sms hav e been  u s ed as  
s u rrogate measure s  of contami nati on . 
The l onge s t  record for Lake Ontar i o  i s  that prov i ded by the  CWS , wh i ch 
has u s ed herr i ng  gu l l s  ( Larus  argentatu s )  as· i ts pri mary mon i tor spec i e s  of 
organoch l ori n e  contami nati on i n  the Great Lakes  s i n c e  1 974 ( 23 6 ) . Herri ng  
g u l l s  are  a top predator i n  the  food web  of the  Great Lakes  and , a l though 
opportu n i s t i c i n  the i r feed i ng habi t s , are pri mari l y  p i s c i vorou s .  More 
i mportan t l y ,  as  adu l t s ,  they are permanent res i dents  on the Great Lake s , 
h e nc e ,  l ev e l s of c h emi ca l s i n  the i r eggs and bod i es  refl ect  cond i ti on s  on 
the  Great Lakes rather  tnan pos s i b l e  cond i t i on s  on other wi nteri ng  ground s .  
A l s o :- he rri n g  gu l l s  are wi d e l y  d i s tri buted on the  Great Lakes and n e s t  
co l on i a l l y ;  a s  a resu l t  they a r e  easy t o  u s e  for i n ter l ake compari son s and 
are easy to l ocate , capture and cen s�s ( 2 22 ) . 
Herr i na  gu l l s  have a hoi arcti c d i s tri but i on wh i ch  fac i l i tates 
compar i sons  ove r  much  of the  northern hemi sphere , and the i r b i o l ogy i s  we l l  
known . They accumu l ate  l i pophi l i c  compounds  read i l y  but  are q u i te res i s tent  
to them . As  adu l ts they are of a defi n i te mas s  and do not grow as ' they age 
( as fi s h  do  for examp l e ) . Thus they arri ve  at an equ i l i br i um cond i t i on wi th 
contami nants  i n  the i r food re l ati v e l y  qui ckl y ,  and effi c i ent l y  refl ect 
l ev e l s of c hemi ca l s whi ch  b i oaccumu l ate  i n  the  env i ronment  ( 222 ) . S i nce  the  
concentrat i on of an organoch l ori ne  contami nant i n  the  herri ng gu l l egg wi l l  
b e  d i rect l y  proporti onal  to that i n  the  food of the  adu l t ,  the  rat i o  of the  
two l ev e l s can l eg i t i mate l y  be  termed a b i ocon c entrati on factor . 
Nor s trom et  a l . ( 237 ) have s hown that the  apparen t  b i oconcentrati on 
factor of herr i n g  gu l l eggs for PCB s , DOE , mi rex and photomi rex has  a mean 
va l u e  of 50 ± 1 0  from a l ewi v e s  and smel t ,  and approx i mate l y  2 . 5  x 1 07 
from water . Accumu l ati ons  of other organoc h l ori ne  compounds  ( e . g .  HCB , 
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d i e l d r i n )  are two to ten t i mes  l ower re l at i v e  .to ODE , - i n d i cat i ng  that they 
are more effi c i en t l y  metabol i zed and e xcreted . 
Con c e n trat i ons  of a l l s i x  maj or organoc h l or i n e  re s i d u e s  i n  herr i ng gu l l 
eggs from the  two Lake Ontar i o  annua l  mon i tor co l on i es have exh i b i ted 
s i gn i fi cant  d e c l i n e s  s i n c e  1 974 ( Tab l e 89 ) . Thes e  dec l i n e s  can b e s t  be  
d e s c r i bed by fi r s t-order l os s  rates  wh i c h  a l l ow the  c a l c u l at i on of 11 average 
popu l at i on h a l f- l i v e s  .. ( Tab l e  90) ( 238 , 239 ) . The s e  h a l f- l i v e s  represent  the  
t i me d u ri ng whi c h  a 50% .red u c t i on i n  concentrat i on occurs . I t  s hou l d b e  
rea l i zed , though , t h a t  popu l at i on ha l f- l i v e s  repre s ent  the  i n tegrat i on of  a 
comp l ex  s et of proc e s s e s  i n  the  herri ng gu l l s ,  the i r p rey and the  
env i ronme n t , i n c l ud i ng rate s· of  s upp l y  and  l os s  to  the  l ake , re s i s tance  of  
the  compound to  degradat i on ( e . g .  photo l ys i s ,  bacteri a l  tran s format i on ) , and 
ab i l i ty of  g u l l s  and the i r prey spec i e s  to metabo l i ze and e x c rete  t h e s e  
compound s .  For examp l e ,  DDT i s  s u bj e c t  to photol y s i s and b i otran s format i on , 
wi th on e of the  pr i n c i pa l  breakdown product s  be i ng ODE ( 20 9 ) . Con s equent l y ,  
the  ha l f- l i fe of DDT i s  s hort ( 2 . 6  - 2 . 9  years ) wh en compared to t h e  DOE 
ha l f- l i fe of 4 . 6 - 4 . 9  year s . 
Pop u l at i on h a l f- l i v e s  for d i e l dri n ( 8 . 7 - 9 . 7  years ) are a l mo s t  twi c e  
that o f  ODE . Th i s may be  becau s e  d i e l dr i n i s ,  i n  genera l , qu i t e  re s i s tant 
to b i otran s formati on i n  the  aquat i c env i ·ronment  and , a l though s ubj ect  to 
photo l ys i s ,  i s  con s i dered more pers i s tent  than DOE ( 209 ) . Th i � pers i s tence  
l i ke l y  offs e t s  the  fac t  that  d i e l d r i n i s  more effi c i ent l y  metabo l i zed and  
exc reted than  DOE by  herri ng gu l l s  ( 2 37 ) . 
Doub l e-cres ted cormoran t s  ( Pha l acrocorax aur i tu s )  are u s ed a s  a 
s e condary mon i tor spec i e s . The i r u s e  has  an advan tage over herr i ng g u l l s  
becau s e  t h ey are more s e n s i t i ve  to some compo�nds  and , henc e , s how some 
b i o l og i c a l  effect s  at l ower l ev e l s of contami nat i on .  Cormoran t s  are a l so 
total l y  p i s c i vorou s . They h av e  the  d i s advantage of mi grati ng out of the  
Great Lakes  i n  the  l ate fa l l and  spend  the  wi nter  i n  the  Gu l f  of Mex i co .  
Howev er , a s  there  i s  good corre l at i on b etween mos t  contami nant  l ev e l s i n  
herr i ng g u l l s  and dou b l e-c res ted cormoran t s , i t  i s  not fe l t  that the i r 
mi gratory hab i t s  s i gn i fi cant l y  compromi s e  the i r u s e  as  an i nd i c ator of water 
qua l i ty on the Great Lake s ( 22 2 ) . 
On th e Great Lake s ,  cormorant eggs have not been co l l e ct ed a s  
cons i s ten t l y  a s  hav e  herr i ng g u l l eggs . Th i s was parti a l l y  i ntent i onal  a s  
cormoran t s  were n o t  the  pr i mary i nd i c ator ( mon i tor) s p e c i e s , but  was a l so  a 
re s u l t of the  wi de spread demi s e  of the  Great Lake s cormorant popu l at i on due  
to  contami nant- i nduced  egg s h e l l th i n n i ng and  reprodu c t i v e  fa i l u re 
( 240 , 24 1 ) .  The contami nant l ev e l s i n  the  Lake Ontar i o  cormorant eggs wh i c h  
hav e b e e n  co l l e cted a n d  anal yzed , are pres ented i n  Tab l e 9 1 . 
Between 1 97 1  and  1 98 1 , l ev e l s of DOE ,  the  compound re s pon s i b l e  for 
egg s h e l l t h i n n i ng , decreased by an average of 49% whi l e  l ev e l s of PCBs 
i n creased  an average of 42% . The reason for th i s i nc reas e i s  not known , 
a l though i t  i s  pos s i b l e that the  three cormorant co l on i e s  are not s tr i c t l y  
' compara b l e .  I n  herr i ng gu l l eggs from the  two Lake Ontar i o  annua l  mon i tor 
co l on i e s , l ev e l s of DOE and PCBs decreased 79% and 78% ,  respec t i v e l y ,  
between 1 974  and 1 983 ( ca l c u l ated from Tab l e 89 ) . 
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N 01 01 
COLONY 'L FAT 
Mygg ' s Isl and 
1 974 7 . 7  ± 1 . 20 
1 97 5  7 . 7  ± 0 . 78 
1 977 8 . 8  ± 1 . 04 
1 978 8 . 6  ± 1 . 03 
1 979 8 . 7  ± 0 . 55 
1 980 7 . 9  ± 0 . 80 
1 98 1  8 . 9  ± 0 . 78 
1 982 8 . 7 :!:. 1 . 60 
1 983 8 . 5  ± 0 . 73 
Snake I sl and 
1 974 7 . 2 :t 1 . 40 
1 975 7 . 8  ± 1 . 70 
1 977 9 . 6  ± 1 . 50 
1 978 9 . 7  ± 1 . 60 
1 97 9  8 . 6  .:t 0 . 76 
1 980 7 . 9  .:t 0 . 6 1  
1 98 1  9 . 5  ± 0 . 77 
1 982 8 . 4  ± 0 . 5 1 
1 983 8 . 1  ± 0 . 69 
a .  N • 1 0  
b .  N • 9 
TABLE 89 
MEAN LEVELS (� S . D . , �g /g HET HEIGHT)  OF SIX MAJOR ORGANOCH LORINE RESIDUES 
IN HERRING GULL EGGS FROM ANNUAL MONI TOR COLONI ES IN LAKE ONTARIO, 1 974-1 983 
N DDE DIELDRIN DDT HI REX 
9 23 ± 5 . 5  0 . 46 ± 0 . 1 3  1 . 20 ± 0 .  79 7 . 4  ± 4 . 70 
1 0  2 2  ± 5 . 6  0 . 24 ± 0 . 1 7  0 . 1 3  ± 0 . 06 3 . 4  ± 1 . 40 
1 0  1 3  ± 2 . 5  0 . 27 ± 0 . 08 0 . 1 1  ± 0 . 05 2 . 1  ± 0 . 43 
8 1 1  ± 3 . 0  0 . 24 ± 0 . 05 0 . 1 0  ± 0 . 05 1 . 4 ± 0 . 68 
1 0  9 . 0  ± 3 . 5  0 . 22 ± 0 . 1 3  0 . 08 ± 0 . 06 1 . 8 ± 0 . 87 
9 8 . 2  ± 5 . 8  0 . 1 8  ± 0 . 1 0  0 . 1 0  ± 0 . 04 1 . 7 .:t 1 . 1 0  
1 0  1 0  :!:. 5 . 2  0 . 28 :!:. 0 . 2 1  0 . 08 :!:. 0 . 03 2 . 5  ± 1 . 1 0  
9 1 1  .:t 4 . 4  0 . 29 .:t 0 . 2 1 0 . 1 1  ± o . o2• 3 .  7 ± 1 . 30 
1 1  4 . 5  :!:. 1 . 6 0 . 1 4  ± 0 . 1 0  0 . 02 :!:. 0 . 01 1 . 4 ± o . s9a 
1 0  2 1  .:t 9 . 1  0 . 47 .:t 0 . 25 1 . 00 ± 1 . 1 0  6 . 6  .:t 2 . 80 
1 0  24 ± 6 . 1 0 . 35 .:t 0 . 20 0 . 24 ± 0 . 1 7  6 . 0  ± 2 . 30 
1 0  1 7  .:t 4 . 7  0 . 50 ± 0 . 1 0  0 . 1 1  .:t 0 . 06 2 . 9  ± 1 . 1 0  
1 0  1 0  ± 2 . 9  0 . 28 ± 0 . 1 0  0 . 07 ± 0 . 02 1 . 7 .:t 0 . 5 1 
1 0  8 . 8  ± 3 . 0  0 . 1 9  ± 0 . 1 0  0 . 06 ± 0 . 03 2 . 0  ± 0 . 6 1 
1 0  7 . 1  ± 4 . 1 0 . 20 ± 0 . 09 0 . 1 4  ± 0 . 1 4  1 . 6 .:t 0 . 77 
1 0  1 2  ± 4 . 5  0 . 27 ± 0 . 1 6  0 . 1 1  ± 0 . 05 2 . 8  ± 1 . 60 
1 0  8 . 7  ± 2 . 2 0 . 27 ± 0 . 07 0 . 1 0  ± 0 . 03 2 . 5  ± 0 . 49b 1 1  5 . 1 ± 1 . 8 0 . 2 1  ± 0 . 1 1  0 . 03 ± 0 . 01 1 . 5 .:t 0 . 58 
• S i gni fi cant l y  di fferent from 1 981  val ue ( t-test , p <0 . 05 ) . 
Source : Reference ( 2 22 ) . 
HCB PCBs 
0 . 60 ± 0 . 36 1 70 ± 47 
0 . 44 ± 0 . 26 1 1 0 ± 2 1  
0 . 34 ± 0 . 06 87 ± 20 
0 . 28 ± 0 . 06 7 5  ± 1 7  
0 . 2 1  ± 0 . 08 76 ± 30 
0 . 20 ± 0 . 1 0  60 ± 29 
0 . 23 :!:. 0 . 08 72 ± 30 
0 . 1 6  ± o . os• 64 ± 20 
0 . 07 .:t 0 . 04 39 .:t 1 5  
0 . 56 .:t 0 . 39 1 40 ± 49 
0 . 22 ± 0 . 20 1 80 ± 5 1  
0 . 50 .:t 0 . 1 1  1 20 ± 33 
0 . 35 .:t 0 . 1 2  7 1  ± 20 
0 . 22 ± 0 . 1 2  63 ± 1 8  
0 . 1 5  ± 0 . 08 53 .:t 24 
0 . 26 ± 0 . 1 1  86 ± 41 
0 . 1 6  ± 0 . 03 6 1  .:t 1 2  
0 . 09 ± 0 . 04 46 ± 1 8  
TABLE 90 
AVERAGE POPULATION HALF--LIVES ( I N YEARS ) OF SELECTED 
ORGANOCH LORINE  COMPOUNDS IN H ERRING GULL EGGS FROM TWO 
LAKE ONTARIO BREEDING COLON I ES ,  1 974- 1 983 
COMPOUND SNAKE I S LAND . MUGG • s  I S LAND 
DOE 4 . 9  
D i e l dri n 8 . 7  
DDT 2 . 9  
M i rex 4 . 9  
HCB 5 . 8  
PCB 5 . 5  
Sourc e :  Referenc e  ( 222 ) . 
TABLE 9 1  
LEVELS ( MEAN ± S . D . , �g ig  WET WEIGHT)  
OF DOE  AND PCBs I N  EGGS OF  
4 . 6 
9 . 7  
2 . 6  
6 . 9  
4 . 0  
5 . 7  
DOUBLE-CRESTED CORMORANTS FROM LAKE ONTARIO , 1 97 1  and 1 98 1  
YEAR N DOE PCBs  
1 97 l a 7 9 . 4±2 . 2  1 8  ± 8 . 1  
1 98 l b 1 0  3 . 7±2 . 4  3 3  ± 1 3 
1 98 l c 
. 
1 0  5 . 8±7 . 3  1 8  ± 7 . 3  
a .  Scotch Bonnet  I s l and  ( 240 , 24 1 ) .  
b .  L i t t l e Ga l l oo I s l and  ( 24 1 ) .  
c .  Pi g eon I s l and  ( 24 1 ) .  
Sourc e : Referenc e  ( 22 2 ) . 
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Tren d s  i n  trace organ i c  contami nants  i n  l ake trout ( Sa l v e l i n u s  
namayc u s h )  genera l l y  para l l e l those  o f  t h e  h erri ng  gu l l s ,  a l though l ev e l s 
exh i b i t con s i d erab l e year-to-year vari at i on ( Tab l e 92 ) ( 224) . S i n c e  
contami nant conc e ntrati on s i n  s a l mon i d s  a n d  s p e c i fi c a l l y  l ake trout are 
pos i t i ve l y  corre l ated to s i ze and  age , vari ati on i n  annua l  contami nant  
l ev e l s may refl ect  the  changes  i n  age-c l as s  s tructure of  the  l akewi de  
popu l at i on cau s ed by  the  varyi n g  i nten s i t i e s  of s tocki ng  programs . 
Compari son of contami nant  l ev e l s over  the  d urat i on of the  study i n  a s i ng l e 
age c l as s ,  and  thus  a s i mi l ar expos ure  peri od , con s i derab l y  reduces  the  
b etween-year vari at i on . Samp l e s  of  l ake trout aged  4+ years were u s ed to 
_ de s cr i be  temporal  contami nant  trends  ( Tab l e 93 ) . One-way ana l ys i s of 
var i ance  was u s ed to compare mean contami nant  l ev e l s between years . PCB 
conc entrati ons  d e c l i n ed s tead i l y  from 1 977  to a s i gn i fi cant l y  l ower l ev e l  ( p  
<0 . 00 1 ) i n  1 98 1  ( 224) . Who l e fi s h  PCB l ev e l s i n  age 4+ l ake trout 
i ncreased  s i gn i fi cant l y  ( 59 . 9%) from 3 . 67 �gig  i n  1 98 1  to 5 . 87 �g ig  i n  
1 982  and s u b s equen t l y  to 6 . 44 �g ig  i n  1 983 s amp l e s . S i mi l ar l y ,  l ev e l s of 
IDDT and p , p ' -DDE ,  i ts maj or metabo l i te ,  and mi rex i n  age 4+ l ake trout 
a l l i nc reased  s i g n i fi cant l y  i n  1 983 a s  compared to l ev e l s reported i n  
preceed i ng years . Mean l ev e l s of IDDT , PCBs , and mi rex i n  Lake Ontari o 
l ake trout exceeded the i r Agreement  obj ec t i v e s  for whol e fi s h  l ev e l s .  Trac e 
meta l  l ev e l s ,  a s  repres ented by mercury ,  z i n c , ars en i c ,  and s e l e n i um data i n  
Tab l e 93 , were nomi n a l l y  con s i stent  from year to year i n  l ake trou t .  
Changes  i n  contami nant  l ev e l s i n  rai n bow sme l t ref l ected thos e of l ake 
trout ( Fi g .  9 6 ) , wi th  PCBs , IDDT , p , p ' -DDE and mi rex a l l ex h i b i t i ng 
i ncrea s e s  i n  1 983 ( Tab l e 94) . On l y  PCBs , however , exc eeded the  Agreemen t  
obj ec t i v e  o f  1 00 n g l g  i n  whol e fi s h . O f  the  trace metal s mea s u red , on l y  
l ead l ev e l s c hanged s i g n i fi cant l y ;  con centrat i on s  i nc reased s i gn i fi cant l y  
each year from 1 978  to 1 98 1 , t h e  l as t  year confi rmed data were avai l ab l e .  
Li mi ted s amp l e s  of s l i my s c u l p i n s  were col l ected i n  1 977 , 1 97 9 , and  
1 982 . W i th  t h e  except i on of PCBs and l ead , the  conc entrat i on of 
contami nants  moni tored d i d not exh i b i t any s i g n i fi cant  trend dur i ng  the  
s u rv ey per i od ( Tab l e 9 5 ) . Mean PCB l ev e l s d i d i n crea s e  con s i stent l y  from 
1 97 7  to 1 982 , whi l e  l ead  exh i b i ted a s i gn i fi cant  d e c l i ne ( 224) . 
Data from t h e  1 97 2  I FYGL ( 1 64 )  and s i mi l ar h i s tori ca l  s u rv eys of 
Lake Ontari o contami nant  l ev e l s ( 242 ) prov i de a reference  potnt  for 
determi n i ng the  s i g n i fi cance  of current data . Tab l e 96 i dent i fi e s  
s i g n i fi cant  a n d  con s i s tent  decrea s e s  i n  DDT a n d  PCB l ev e l s measured i n  
s amp l e s  of s cu l p i n s and  sme l t ov er  a l most  two decade s . D i e l dri n l ev e l s i n  
s cu l p i n s i nc reased s l i gh t l y from 1 97 2  to 1 982 , whi l e  conc en trat i ons  i n  sme l t 
rema i ned  con s tan t .  Leve l s of PCB and  IDDT i n  s cu l p i n s decreased  by 66% 
from 1 97 2  to 1 982 , wh i l e  PCBs and IDDT con centrat i on s  decreas ed by 35  and 
7 2% respect i ve l y  i n  sme l t s amp l es  ov er a s i mi l ar per i od . 
For sme l t s amp l e s  co l l e cted i n  1 972  and 1 984 ,  p , p ' -DDE con s i s tent l y  
accounted for 7 6% of the  IDDT l ev e l . For s cu l p i n s amp l e s ,  t h i s rat i o  
decreas ed s i g n i fi cant l y  from 7 8% i n  1 97 2  to 48% i n  1 982 , s ugge s t i ng  a h i gher  
contri but i on of the  parent materi a l  ( e . g .  p , p ' -DDT ) . The PCBIIDDT rati o 
for sme l t i nc reased  by 1 40% from 1 97 2  to 1 984 , wh i l e  t h i s rat i o i n crea s ed by 
on l y  1 2% for s cu l p i n s ov er  a s i mi l ar t i me peri od . 
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N <..71 00 
N HEIGHT 1. 
YEAR ( g )  L I P I D  
1 977 43 1 057 . 2  1 4 . 54 
( 1 47 . 9 ) ( 0 . 98)  
1 978 1 4 1  956 . 7  1 4 . 1 5  
( 2 . 30)  (0.  1 8) 
1 979 1 7 6 1 554 . 8  1 7 . 63 
( 52 . 4)  ( 0 . 36)  
1 980 1 33 1 660 . 4  1 7 . 42 
( 66 . 9 ) ( 0 . 38)  
1 98 1  2 1 3  1 587 . 4  1 7 . 37 
( 68 . 6 ) ( 0 . 35 )  
1 982 1 78 1 460 . 0  1 6 . 0 1  
( 67 . 7 )  ( 0 . 44) 
1 983 1 44 1 39 92 . 3  1 4 . 85 
( 92 . 4 ) { 0 . 57 )  
TABLE 92 
LAKE ONTARIO LAKE TROUT ( 1 977 - 1 983 ) 
HHOLE FISH CONTAMI NANTS 
PCBs p , p ' -DDE J:ODT D I E LDRIN 
4 . 95 1 . 62 2 . 65 -
( 0 . 38)  ( 0 .  1 4 )  ( 0 . 26)  
7 . 1 0 0 . 90 1 . 1 6  0 . 1 8  
( 0 .  1 6 ) ( 0 . 03)  ( 0 . 03 )  ( 0 . 01 ) 
3 . 79 1 . 1 9  1 . 59 0 . 20 
( 0 .  1 9 ) ( 0 . 06 )  ( 0 . 08)  ( 0 . 01 ) 
4 . 80 0 . 66 0 . 84 0 . 1 2  
( 0 . 28 )  ( 0 . 06)  ( 0 . 07 )  ( 0 . 0 1 ) 
3 . 25 0 . 98 1 . 58 0 . 20 
( 0 .  1 3 ) { 0 . 04) ( 0 . 05 )  ( 0 . 01 ) 
5 . 64 0 . 75 1 . 08 0 . 1 3  
( 0 . 25 )  ( 0 . 04)  ( 0 . 05 )  ( 0 . 01 ) 
5 . 30 0 . 8 1 1 . 29  0 . 1 2  
( 0 . 26) ( 0 . 04) ( 0 . 06)  ( 0 . 01 ) 
Al l resu l t s reported as �g/ g  < �S . E . )  wet we i ght un l es s  otherwi se noted . 
Source : Reference (22�) .  
MI REX MERCURY Z I NC ARSEN I C  SELENIUM 
0 . 27 0 . 1 7  1 4 . 38 - 0 . 45 
( 0 . 02 )  ( 0 . 01 ) ( 0 . 38 )  ( 0 . 01 ) 
0 . 1 8  0 . 1 9  9 . 72 - 0 . 32 
( 0 . 00 )  ( 0 . 00 )  ( 0 . 01 ) ( 0 . 00)  
0 . 22 0 . 1 7  1 0 . 88 0 . 50 0 . 44 
( 0 . 01 ) ( 0 . 00 )  ( 0 . 1 1 )  ( 0 . 01 ) ( 0 . 00 )  
0 . 1 7  0 . 20 8 . 58 0 . 51 0 . 45 
( 0 . 01 ) ( 0 . 0 1 ) ( 0 .  1 8 )  ( 0 . 01 ) ( 0 . 01 ) 
0 . 1 5  0 . 1 7  9 . 96 0 . 50 0 . 40 
( 0 . 01 ) ( 0 . 00)  ( 0 . 09 )  ( 0 . 01 ) ( 0 . 0 1 ) 
0 . 1 7  0 . 1 3  - 0 . 52 0 . 44 
( 0 . 01 ) ( 0 . 0 1 ) ( 0 . 02 )  ( 0 . 01 ) 
0 . 1 7  0 . 1 8  1 1  0 33 0 . 52 0 . 47 
{ 0 . 0 1 ) ( 0 . 01 ) ( 0 . 47 )  ( 0 . 03 )  ( 0 . 01 ) 
N HEIGHT 'L 
YEAR ( g )  LIPID 
1 97 7  3 2 1 02 . 3  2 1 . 30 
( 458 . 2 ) ( 3 . 00) 
1 978 1 1  1 1 99 . 5 1 7 . 7 5 
( 1 2 1 . 3 )  ( 0 . 99 )  
1 97 9  7 5  2067 . 8  20 . 23 
( 49 . 8 )  ( 0 . 34 )  
1 980 82 1 79 1 . 7  1 8 . 42 
( 5 1 . 1 )  ( 0 . 34 )  
1 98 1  8 3  1 538 . 0  1 9 . 09 
( 62 . 2 ) ( 0 . 50 )  
1 982 36 1 86 1 . 7  1 9 . 25 
( 67 . 7 )  ( 0 . 44 )  
1 983 46 1 769 . 1 1 8 . 2 1  
( 1 09 .  3 )  ( 0 . 59)  
TABLE 93 
LAKE ONTARIO LAKE TROUT (AGED 4+ YEAR) 
( 1 977 - 1 983) HHOLE FISH CONTAMINANTS 
PCBS p , p ' -DDE IDDT DIELDRIN 
8 . 00 2 . 68 4 . 35 -
( 0 . 9 1 ) � 0 . 38 )  ( 0 . 53) 
5 . 06 1 . 01 1 . 27 0 . 2 1  
( 0 . 63 )  ( 0 . 1 1 )  ( 0 .  1 5 ) ( 0 . 02 )  
4 .  7 3  1 . 50 l .  99 0 . 23 
( 0 . 30) ( 0 .  1 0) ( 0 .  1 2 )  ( 0 . 01 ) 
4 . 77 0 . 64 0 . 81 0 . 1 2  
( 0 . 28 )  ( 0 . 08 )  ( 0 . 09 )  ( 0 . 01 ) 
3 . 67 0 . 89 l .  5 1  0 . 1 9  
( 0 . 22 )  ( 0 . 04 )  ( 0 . 05 )  ( 0 . 01 ) 
5 . 87 0 . 80 1 . 1 3  0 . 1 5  
( 0 . 25 )  ( 0 . 04 )  ( 0 . 05 )  ( 0 . 0 1 ) 
6 . 44 1 .'02 1 . 56 0 . 1 4  
( 0 . 39 )  ( 0 . 05 )  ( 0 . 07 )  ( 0 . 01 ) 
Al l resu l ts reported as �g/g <±S . E . )  wet wei ght un l es s  otherwi se  noted . 
Sourc e :  Reference ( 224) . 
MIREX MERCURY ZINC ARSENIC SELENIUM 
0 . 49 0 . 25 1 1 . 67 - 0 . 44 
( 0 . 08 )  ( 0 . 04 )  ( 1 .  20) ( 0 . 01 ) 
0 . 1 5  0 . 1 8  8 . 88 - 0 . 33 
( 0 . 04) ( 0 . 01 ) ( 0 . 64 )  ( 0 . 03 )  
0 . 25 0 . 20 1 0 . 52 0 . 57 0 . 42 
( 0 . 01 ) ( 0 . 01 ) ( 0 . 1 5 ) ( 0 . 0 1 ) ( 0 . 01 ) 
0 . 1 4  0 . 20 7 . 96 0 . 55 0 . 43 
( 0 . 01 ) ( 0 . 00 )  ( 0 . 20) ( 0 . 01 ) ( 0 . 01 ) 
o .  1 5  o .  1 6  9 . 64 0 . 50 0 . 40 
( 0 . 01 ) ( 0 . 00 )  ( 0 .  1 2 )  ( 0 . 01 ) ( 0 . 01 ) 
0 . 1 6  0 . 1 7  - 0 . 65 0 . 45 
( 0 . 01 ) ( 0 . 0 1 ) ( 0 . 02 )  ( 0 . 01 ) 
0 . 2 1  0 . 22 8 . 93 0 . 67 0 . 48 
( 0 . 01 ) ( 0 . 01 ) ( 0 . 43 )  ( 0 . 04 )  ( 0 . 02 )  
N 0\ 0 
TABLE 94 
LAKE ONTARIO RAINBOH SMELT ( 1 977 - 1 983) 
HHOLE FISH CONTAMINANTS 
N* HEIGHT 'L PCBs 
YEAR ( g )  LIPID 
1 977 38 22 . 69 4 . 87 1 . 50 
( 1 . 93 )  (0 . 1 9 )  (0 . 1 8) 
1 978 73 24 . 44 5 . 41 l .  74 
( 2 . 30) (0. 1 8 )  (0 . 1 6) 
1 979 73 24 . 20 5 . 64 0 . 80 
( 2 . 28) ( 0 .  1 7 )  ( 0 . 05)  
1 980 33 28 . 65 6 . 1 8  1 . 1 2  
( 3 . 63)  (0 .27)  (0 . 1 0)  
1 981 47 28 . 27 5 . 55 0 . 90 
( 3 . 1 8) (0 . 22 )  ( 0 . 06)  
1 982 48 31 . 93 4 . 59 1 . 66 
( 3 . 53)  ( 0 . 25 )  ( 0 . 1 2 )  
1 983 36 29 . 76 5 . 7 1  1 . 48 
( 3 . 20) (0 . 24) ( 0 .  1 1 )  
* Each samp l e  con s i sts of a composi te of 5 fi sh . 
NA - not avai l ab l e .  
p , p ' -DDE IDDT 
0 . 44 0 . 60 
( 0 . 05)  ( 0 . 06)  
0 . 33 0 . 39 
( 0 . 03)  ( 0 . 03)  
0 . 33 0 . 39 
( 0 . 04) ( 0 . 04) 
0 . 2 1  0 . 25 
( 0 . 02)  ( 0 . 02)  
0 . 33 0 . 49 
( 0 . 02)  ( 0 . 03)  
0 . 34 0 . 43 
( 0 . 02 )  ( 0 . 03)  
0 . 41 0 . 53 
( 0 . 03)  ( 0 . 03)  
Al l resul ts reported as  �g/g <�S . E . )  wet  wei ght un l ess  otherwi se noted . 
Source :  Reference (224) . 
DI ELDRIN 
0 . 02 
( 0 . 00)  
0 . 05 
( 0 . 01 ) 
0 . 04 
( 0 . 00) 
0 . 04 
( 0 . 00)  
0 . 06 
( 0 . 00) 
0 . 05 
(0 . 00) 
0 . 03 
(0 . 00) 
MIREX MERCURY LEAD ARSENIC SELENIUM 
0 . 1 1  0 . 08 - - 0 . 35 
( 0 . 01 ) ( 0 . 01 ) ( 0 . 0 1 ) 
0 . 05 0 . 06 0 . 1 1  0 . 43 0. 36  
( 0 . 00) (0 . 00)  ( 0 . 01 ) ( 0 . 0 1 ) ( 0 . 00)  
0 . 05 0 . 06 0 . 1 7  0 . 62 0 . 33 
( 0 . 00) ( 0 . 00) ( 0 . 0 1 ) ( 0 . 01 ) ( 0 . 01 ) 
0 . 04 0 . 09 0 . 22 0 . 59 0. 33 
( 0 . 00) ( 0 . 01 ) ( 0 . 02 )  ( 0 . 03)  ( 0 . 0 1 ) 
0 . 04 0 . 07 0 . 26 0 . 53 0 . 3 1  
( 0 . 00) (0 . 00)  ( 0 . 03)  ( 0 . 01 ) ( 0 . 00)  
0 . 02 0 . 09 - 0 . 58 0 . 35 
( 0 . 00) ( 0 . 01 ) (0 . 02)  ( 0 . 0 1 ) 
0 . 05 NA NA NA NA 
( 0 . 00) 
N• HEIGHT 't. PCBs 
YEAR ( g )  LIPID 
1 977 1 0  5 . 1 0  6 . 45 0 . 74 
( 1 . 43)  (0. 5 1 ) ( 0 . 1 2 )  
1 979 5 4 . 34 8 . 45 1 . 09 
(0 . 33) ( 0 . 30) ( 0 . 08 )  
1 982 1 1  7 . 47 5 . 50 1 .  74 
( 1 . 69) ( 0 . 33) ( 0 . 54) 
• Each samp l e  consi s t s  of a compos i te of 5 fi s h .  
TABLE 95 
LAKE ONTARIO SLIMY SCULPIN  ( 1 977 - 1 982) 
HHOLE FISH CONTAMINANTS 
p , p ' -OOE tOOT DI ELDRIN MIREX MERCURY 
0 . 26 0 . 38 0 . 08 0 . 06 0 . 06 
( 0 . 04)  (0 .06)  (0 .01 ) (0.01 ) (0 .00) 
0 . 1 8  0 . 27 0 . 1 4  0 . 08 0 . 05 
( 0 . 01 ) ( 0 . 02 )  (0 .01 ) (0 .01 ) (0 .00) 
0 . 20 0 . 42 0 . 09 - 0 . 07 
( 0 . 03 )  (0 . 06)  (0.01 ) (0.01 ) 
Al l res u l ts reported as �g/g c �s . E . ) wet wei ght un l es s  otherwi se  noted . 
Source : Reference (224) . 
ZINC LEAD ARSENIC SELENIUM 
1 3 .00 0 . 40 - 0 . 47 
( 0 . 36)  (0 .02 )  ( 0 . 02 )  
1 5 . 00 0 . 20 0 . 36 0 . 52 
( 0 . 55)  (0 .01 ) (0 .02 )  (0 .01 ) 
1 8 . 49 0 . 08 0 . 33 0 . 45 
(0 .97 )  (0 .01 ) (0 .02 )  (0 .03)  
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DDT CONCENTRATION I N  S M E LT 
RELATIONSHIP BETWEEN LEVELS OF PCBs AND DDT (JJg/g wet weight) 
IN  RAINBOW SMELT AND LAKE TROUT, 1 977-1983. 
Source: Reference {224). 
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Li mi ted trend data are a l so  avai l ab l e for s e l ect  s p ec i e s  
repres entati v e  o f  l ower troph i c  l ev e l s .  Pontoporei a  hoyi , a benth i c 
i nv ertebrate whi ch  feeds  at the  s ed i ment-water i nterfac e ,  i s  an  effect i v e  
i nd i c ator o f  l oc a l i zed water qua l i ty cond i t i on s and refl ect s  l ev e l s of 
b i o l og i cal l y  avai l ab l e con tami nant s . Samp l e s  were co l l e cted at  s evera l  
mon i tori ng  s i t e s  peri oqi ca l l y  from 1 978  to  1 983 . Con s i derab l e 
year-to-year f l u ctuati on occu rred i n  PCB and organoc h l ori ne  l ev e l s ( Ta b l e 
97 ) .  Maxi mum con centrati ons  of both PCB and DDT compou n d s  were �ea s u red 
i n  the  1 97 9  s amp l es ,  wh i l e  no trend was d i s c erni b l e for d i e l dr i n and 
mi rex data . Trace  meta l l eve l s d i d not d i sp l ay any annua l  trend s .  
Tab l e 98 pres ents  PCB , pe st i c i de  and trace meta l  data for Mys i s  
re l i cta co l l ect i on s  from 1 977  to 1 982 . Max i mum organ i c  contami nant 
l ev e l s ,  wi th  the  except i on of PCBs , were obs erv ed i n  1 977 . The mean 
con c entrat i on of PCB s  i n  1 977  s amp l es of Mys i s was the  l owes t  recorded 
dur i ng the  s u rv ey peri od and corres ponded to the  h i g h e s t  mean l i p i d  
l ev e l . Concentrat i on s of PCB s  tended to i ncrea s e  from that yea r ,  wi t h  a 
max i mum l ev e l  obs e rv ed i n  1 980 . Trac e  .metal  l ev e l s d emon s trated no 
con s i s tent  trend s wi th  the excepti on of s e l en i um , whi c h  i nc reas ed 
con s i s t en t l y from 1 977  through 1 98 1 . 
Trace metal  and organ i c contami nant  mean conc en trat i on s  for 
netp l ankton s amp l e s  co l l ected from 1 977  to 1 982  are pres ented i n  Tab l e 
99 . A l l mea s ured organ i c  contami nant l ev e l s decreased  dur i ng  the  s u rv ey 
peri od wi thout any corre s pon d i ng maj or changes  i n  l i p i d l ev e l s .  Tra c e  
metal  data a r e  on l y  avai l ab l e from 1 977  t o  1 980 . For mos t  paramete r s  
mea s u red , n o  con s i s tent trend i n  concentrati on s  was ev i dent . A s  wi th  
Mys i s ,  s e l e n i um concentrat i on s  i n creased  from 1 977  to 1 980 , wi th  a maj or 
porti on of the  i ncrease  occ urri ng  i n  1 978 . Further peri od i c ana l ys e s  of  
trace  metal  l ev e l s i n  netp l ankton s amp l e s  s hou l d  b e  condu cted to  
e s tab l i s h i f  any annua l  trends  are deve l opi ng . 
Data i n  Tab l e 1 00 pres ent  a compari son of organ i c contami nant  l ev e l s 
for the  i nvertebrate forage ba se  between  1 972  and 1 982-83 . On l y  benth i c  
i nv ertebrate data from the  wes tern bas i n  were u s ed for compar i son . 
S ub stant i a l  i ncrea s e s  occurred for a l l contami nant  res i du e s  i dent i fi ed  i n  
benth i c i nvertebrate ( Pontoporei a ) s amp l e s  col l e cted one  d ecade apart . 
Hai l e  et a l . ( 1 64 )  i nd i cated that benth i c i nv ertebrate PCB l ev e l s i n  the  
wes tern bas i n  of Lake Ontari o i n  1 972  were approxi mate l y  fou r  t i me s  
greater than tho s e  determi ned for t h e  oth er two s tat i on s  off Oswego and  
Roc h e s ter . The s e  l atter l ev e l s were s i mi l ar to  thos e found  i n  
Pontoporei a from wes tern Lake Ontari o s tati on s i n  1 983 . 
Organ i c  contami nant res i d u e  l ev e l s reported for netp l ankton s amp l e s 
i n  1 982 were one  to two orders of magn i tude  l ower than concentrat i on s  i n  
1 972  s amp l e s . Th i s  s ugge s t s  that e i ther the  s amp l e s  were v e ry d i s s i mi l ar 
i n  zoop l ankton-phytop l ankton spec i e s  compo s i t i on  or there was a dramat i c 
dec l i ne wi th i n  ten years . I t  i s  a l so pos s i b l e ,  a l though u n l i ke l y ,  t hat 
an error occurred i n  record i ng the  concentrati on u n i t s  for the 1 97 2  
data . F urther data from 1 977  ( Tab l e 1 00 )  s uggest  that i t  i s  u n l i ke l y  
that a n  exponenti a l  decreas e  i n  organ i c  con tami nant  l ev e l s cou l d  h av e  
occurred i n  the  ten-year peri od from 1 972  to 1 982 . 
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TABLE 96  
LAKE ONTARIO H I STORI CAL CONTAMI NANT TRENDS I N  F I SH 
SMELT 
CANADA 
REI N ERT ( 1 965-68 )  HAI LE (1 972J_ DFO (1 984) 
% L i p i d - 4 . 94 5 . 0 1 
p , p • -DDE - 1 . 07 0 . 29 
IDDT 1 . 5 8  1 . 40 0 . 38 
D i e l dr i n 0 . 1 0  0 . 04 0 . 04 
PCBs - 2 . 65 1 .  73  
PCB s /IDDT - 1 . 89 4 . 55 
SLIMY SCU LPI N 
CANADA 
R E I N ERT ( 1 967-68 ) HAI LE ( 1 97 2 )  DFO ( 1 982)  
% L i p i d - 6 . 85 5 . 50 
p , p • -DDE - 0 . 98 0 . 20 
IDDT 2 . 33 1 . 2 6  0 . 42 
D i  e l  dr.i n - 0 . 06 0 . 09 
PCBs - 4 . 63 1 .  74 
PCB s / IDDT - 3 . 67 4 . 1 4  
A l l re su l ts expre s s ed a s  �g/g wet wei ght u n l e s s  otherwi s e  noted . 
- No data avai l ab l e .  
Source :  Referenc e  ( 224) . 
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TABLE 97 
MEAN CONTAMINANT BURDENS : Pontooorei a  hQyi, 1 978 - 1 983 
N 'L PCBs p , p ' -DDE J:ODT DIELDRIN 
YEAR LIPID 
1 978 1 6  29 . 8  1 .  73 0 . 36 0 . 47 0. 1 3  
1 979 1 3  32 . 5  1 . 84 0 . 73 1 . 09 0 . 38 
1 980 5 47 . 3  1 . 26 0 . 2 1 0 . 47 0 . 23 
1 981 5 44 . 9  1 . 89 0 . 43 - 0 . 43 
1 982 - - - - - -
1 983 1 1  22 . 0  1 . 35 0 . 25 0 . 66 0 . 28 
Al l resul ts reported as �g/g dry wei ght un l es s  otherwi se  noted . 
Source :  Reference (224) . 
MIREX N MERCURY ZINC CADMIUM 
0 . 08 8 0 . 1 1  72 . 1  0 . 86 
0 . 04 9 0 . 23 7 3 . 4  1 . 57 
0 . 1 2  5 - 49 . 5  0 . 82 
- - - ' - -
- 5 0 . 08 48 . 0  1 . 53 
- - - - -
ARSENIC SEDENIUM LEAD 
4 . 36 2 . 83 2 . 56 
4 . 57 2 . 36 3 . 59 
4 . 1 2  2 . 05 2 . 80 
- - -
5 . 56 1 . 1 3  1 .  70 
- - -
N 0'1 0'1 
N 'L PCBs 
YEAR LIPID 
1 977 25 1 9 . 60 0 .  31  
1 978 25 - 0 . 44 
1 979 32 1 1 . 50 0 . 64 
1 980 1 5  1 5 . 58 0 .  76 
1 98 1  25  1 3 . 55 0 . 60 
1 982 22 1 8 . 88 0 . 58 
TABLE 98 
MEAN CONTAMINANT BURDENS : MYiii rel i cta, 1 977 - 1 982 
p , p ' -DDE l:DDT DI ELDRIN MERCURY ZINC LEAD 
0 . 23 0 . 35 0 . 1 0  0 . 09 83 . 1  -
0 . 1 5  0 . 1 7  0 . 1 5  0 . 1 0  88 . 4  -
0 . 09 0 . 1 1  0 . 03 0 . 1 4  87 . 0  2 . 88 
0 . 09 0 . 1 1  0 . 05 0 . 03 80 . 5  -
0 . 1 1  - 0 . 06 - - -
0 . 1 4  0 . 20 0 . 07 - - -
A l l res u l t s  reported as �g/ g  dry wei ght u n l es s  otherwi s e  noted . 
Source : Reference ( 224) . 
ARSENIC SELENIUM CADMI UM 
- 1 . 89 0 . 20 
3 . 23 2 . 34 0 . 1 0  
3 . 30 2 . 38 0 . 35 




MEAN CONTAMINANT BURDENS : NETPLANKTON ( > 1 53 pm) , 1 977 - 1 982 
N 1 PCBs p , p ' -OOE tOOT DIELDRIN 
YEAR LIPID 
1 977 23 1 4 . 9  0 . 1 9  0 . 04 0 . 1 2  0 . 05 
1 978 22 1 4 . 8  0 . 26 0 . 04 0 . 05 0 . 03 
1 979 29 1 3 . 7  0 . 1 5  0 . 02 0 . 04 0 . 01  
1 980 20 1 0 . 1 <0. 1 0  <0 . 01 <0.01  <0.01  
1 981  25 1 1 .  1 <0 . 1 0  <0 . 01 <0 . 01 <0 . 0 1  
1 982 20 1 5 . 4  <0 . 05 0 . 03 <0 . 08 0 . 01 
A l l resul ts reported as pg/g dry wei ght unl ess otherwi se  noted . 
Sourc e :  Referenc e  (224 ) . 
MERCURY ZINC LEAD 
0 . 06 1 05 . 4  6 .  70 
0 . 02 1 03 . 5  5 . 82 
0 . 06 1 63 . 1  1 4 . 80 
0 . 03 1 06 . 6  -
- - -
0 . 05 1 02 . 1  4 . 07 
ARSENIC SELENIUM CADMIUM 
- 1 . 48 0 . 74 
2 . 8 1 2 . 22 0 . 74 
3 . 63 2 . 1 6 1 . 57 
3 . 95 2 . 66 0 . 99 
- - -
3 . 76 1 . 84 1 . 35 
TABLE  1 00 
LAKE ONTARIO H I STORICAL CONTAMI NANT TRENDS ( I NVERTEBRATES )  
BENTH IC  FAUNA 
( W ESTERN BASI N )  
CANADA 
HAI LE  ( 1 97 2 )  DFO ( 1 983 )  
( n  = 3 )  ( n  = 1 1 )  
pp • -DDE o .  1 2  0 . 24 
l:DDT 0 . 2 1 0 . 64 
Di e l dr i n 0 . 1 5  0 . 27 
PCB s  0 . 98 1 . 57  
Res u l t s  expres s ed a s  ng/g  d ry we i ght  
N ET PLANKTON 
CANADA CANADA 
HAI LE  ( 1 97 2 )  DFO ( 1 97 7 )  DFO ( 1 982 )  
( n  = 7 )  ( n  = 2 3 )  ( n  = 20)  
p , p • -DDE 3 . 1 1 ±1 . 6 1 0 . 04 0 . 03 
l:DDT 3 . 46±1 . 48 o .  1 2  · <0 . 08 
D i e l dr i n 0 .  1 3±0 . 1 0  0 . 05 0 . 0 1 
PCB s  7 . 1 7±3 . 5 1 0 .  1 9  <0 . 05 
Re s u l t s  expres s ed a s  �g/ g  dry we i gh t  
n = n umbe r  of  s amp l e s . 
Sou rc e :  Referenc e  ( 224) . 
- 268 - . 
Trends  i n  trace contami nants  i n  the n ears hore waters  s i n c e  1 972  are 
avai l ab l e for s e l e c t  compounds  i n  s potta i l s h i n e rs , but on l y  for the Ontari o 
shore l i ne .  Mos t  of the  fi ve  s i tes  s amp l ed annua l l y  exh i b i ted s i gn i fi cant ( p  
<0 . 01 ) reduct i on s i n  res i due s  of PCBs , IDDT , total  c h l ordane and mi rex up 
to 1 982 ( Tab l e 1 0 1 ) .  Leve l s of PCBs and mi rex i n  young-of-the-year s pottai l 
s h i ners  at Twe l ve M i l e  Creek apd PCBs at Out l et  R i ver , howev e r ,  have not 
d emons t rated any s i g n i fi cant decreas e .  PCB l ev e l s at a l l s i tes  cont i nue  to 
e xceed  the  Agreement  obj ect i v e  of 1 00 ng/g  ( wet we i ght ) . Mercury d i d not 
e x h i b i t a ny s i gn i fi cant  d ec l i ne dur i ng  the s tudy peri od , but  l ev e l s are at 
l ea s t  an orde r  of magn i tu d e  l es s  than the obj ect i v e  l ev e l  of 500 nglg . 
Long-term Trends  of  Contami n a�ts i n  Sed i ments  
To  determi n e  trend  patterns  for years pri or to  thos e prov i ded  by 
herr i n g  g u l l s ,  i t  i s  nec e s s ary to con s u l t  the  h i s tori ca l record conta i ned 
wi th i n  the  s ed i ments . The ab i l i ty of s ed i ment  profi l es to a s s e s s  trends  i n  
contami nant r educt i on was d emons trated by Ead i e et  a l . ( 1 9 1 ) ,  who d etermi ned 
the  vert i c a l  profi l es of PCBs and mi rex i n  cores from the  Roch e s ter  bas i n i n  
1 97 6  ( Fi g .  97 ) .  
The  PCB profi l e  produced by Ead i e et a l . ( 1 9 1 )  agrees  favourab l y  wi th 
the more  recent ( 1 98 1 ) work of Durham and O l i ver  ( 243 ) . Accurate s ed i ment 
dati ng  prov fded the detai l ed profi l e  pre s en ted i n  F i g .  98 , a l ong wi th 
l i mi ted avai l ab l e s a l e s  data ( 244) . Peak PCB concentrat i ons  occu rred i n  the 
s ed i ments  dur i n g  the  years of peak s a l e s  ( 243 ) . The  PCB pattern i n  s ed i ment 
s i n c e  1 97 5 , however , does not paral l el th e trend exh i b i ted by herri ng g u l l s  
and  l ake  trou t , s uggest i ng  that the l ev e l  of reso l ut i on wi th i n  the top 5 em 
i s  i nsuffi c i ent to document recent annua l  changes . 
Krezoski  e t  a l . ( 245 ) exami ned the ro l e of zoobenthos  i n  rework1 ng  
Great lake s  s ed i ment  and dete rmi n ed that  the l umbri c u l i d  o l i gochaete 
Styl odr i l us h er i ngi anus ,  the domi nant organ i sm  i n  the Lake Ontari o b enth i c  
commun i ty <�30� of tota l abundance ; Reference ( 246 ) ) ,  a ch i eved .  comp l ete 
mi x i ng of the  top 4 . 4  em of s ed i ment wi thi n one to two month s .  The effect 
of th i s b i oturbati on i s  to l i mi t the  reso l ut i on wi th wh i ch h i s tori c a l  
records of part i c l e-as soc i ated contami nants c a n  be  recon s tructed  from 
core s . 
Robb i ns ( 247 ) d emons trated that the t i me peri od of reso l u t i on i n  a 
g i ven  s ed i ment profi l e  can be  d etermi ned from the rati o of the mi xed  depth 
to the  s ed i mentat i on rate . Sed i mentati on rates  i n  the  offs hore regi ons  of 
Lake Ontari o range from 0 . 03 to 0 . 22 em/a ( 248) . As s umi ng  an  average mi xed 
depth of 4 em ( actua l  mi x ed d epths  range from 1 to 1 5  em i n  the  Great Lakes 
( 247 ) ) ,  then the  mi n i mum t i me peri od of reso l u t i on wou l d  be  20 years . 
Profi l es of c h l orobenzene s  ( F i g .  9 9 ) , mi rex ( F i g . 1 00 )  and  
ch l oroto l uene s , OCS and HCBD ( F i g .  1 0 1 )  a l l e xh i b i t a pattern s i mi l ar to 
that exh i bi ted by PCBs . Peak concentrati on s  genera l l y  occu rred dur i ng the 
ear l y  1 960s , wi th fai r l y  rap i d dec l i ne s  occurri ng  s hort l y  thereafter , both 
i n  respon s e  to dec l i ne s  i n  producti on and , pres umab l y ,  i n  respon s e  to more 




TABLE 1 01 
MEAN ORGANOCHLORINE  AND MERCURY CONTAMI NANT CONCENTRATIONS ( a s ng/g wet we i ght � S . D . ) 
FOR YOUNG-OF-THE-YEAR SPOTTA I L  SHI NERS 
FROM SELECTED S I TES I N  LAKE ONTAR IO 
NO OF* TOTAL LENGTH 
SAMPLING S I T E  Y EAR SAMPLES ( 11111) '1. LIPID l:PCB l:ODT 
N i agara-on-the-Lake 1 975 5 56 :!: 4 2 . 3  :!: 0 . 3  690 :!: 1 95 244 :!: 
1 97 7  7 51 :!: 3 2 . 5  :!: 0 . 6  654 :!: 1 70 1 57 :!: 
1 978 8 51 :!: 1 1 . 9 :!: 0 . 2  320 :!: 49 99 :!: 
1 97 9  8 50 :!: 2 2 . 4  :!: 0 . 4  1 53 � 2 3  26 :!: 
1 980 7 56 � 2 2 . 1  :!: 0 . 4  266 :!: 51  41 :!: 
1 98 1  7 55 :!: 3 l . 9 :t 0 . 1 327 :!: 62 73 :t 
1 982 5 53 :!: 3 2 . 2  :!: 0 . 4  255 :!: 24 82 :t 
Twe l ve M i l e  Creek 1 978 8 51 :!: 3 2 . 9  ± 0 . 4  349 :t 63 81 :!: 
1 979 8 51 ± 4 2 . 1  ± 0 . 4  27 1 ± 49 60 :!: 
1 980 7 48 :1: 6 l . 9 :t 0 . 3  1 48 :1: 28 44 ± 
1 98 1' 6 54 :!: 5 2 . 5  ± 0 . 5  205 ± 1 5 93 ± 
1 982 7 41 ± 5 1 . 6 :t 0 . 3  279 ± 26 33 ± 
Cred i t  Ri ver 1 97 6  1 0  6 2  ± 3 na 1 3 1 5  ± 578 278 :t 
1 978 8 60 :t 3 2 . 6  :t 0 . 3  590 :t 53 96 :t 
1 979 8 56 :t 3 3 .  7 : 0 . 6  1 86 :t 28 69 :t 
1 980 7 62 :!: 4 2 . 7  :t 0 . 6  238 :t 59 59 :t 
1 982 7 52 :1: 7 3 . 2  :t 0 . 2  1 83 :t 27 66 :t 
H umber Ri ver 1 977 8 62 :t 3 7 . 3  :t 0 . 4  22 1 8  : 263 265 :t 
1 978 8 58 :t 5 5 . 8  :t 0 . 5  2 938 :!: 391  440 :t 
1 97 9  8 60 :t 6 4 . 0  ± 1 . 3 1 22 3  :t 347 74 :t 
1 980 6 62 ; 5 4 . 0  :t 0 . 4  621 :t 66 38 :t 
1 98 1  6 62 :t 5 5 . 0  ± 0 . 8  954 :!: 45 86 :t 
1 982 6 58 :1: 2 3 .  7 :!: 0 . 4  353 :t 70 28 :t 
Out l et R i ver 1 97 9  8 53 :t 3 4 . 3  :!: 1 . 2 1 1 2 :!: 32 58 :1: 
1 980 7 53 :!: 4 4 . 8  :!: 0 . 4  1 85 ± 48 45 :!: I 
1 982 7 49 :t 1 4 . 8  ± 0 . 3  1 28 :t 1 '7  7 :t 
t r  - Trac e .  na - not anal yzed . nd - be l ow d e tec t i on l i mi t .  *each a composi te of 1 0  fi s h .  
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1 3  :!: 4 
29 :!: 8 
tr 
l l  :!: 2 
1 0  :t 3 
6 :!: 2 
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2 1  :!: 5 
32 :t 1 3  
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10 :t 3 
8 :!: 2 
7 :t 2 
l:CH LORDANE MERCURY 
nd na 
6 1  :!: 1 9  77 :t 1 3  
6 :!: 1 0  50 :!: 8 
2 1  :t 1 8  50 :!: 1 2  
24 :t 6 23 :!: 5 
l l  :t 4 na 
1 7 :t 7 43 :t 1 3  
24 ± 1 0  40 ± 8 
nd 20 ± 7 
7 ± 2 1 4  ± 5 
6 :t 2 na 
8 ± 2 29 :t 4 
55 :t 2 1  na 
37 : 8 40 : 6 
36 :t 6 24 :t 1 0  
24 :t 5 33 :1: 5 
2 1  :t 7 39 :1: 4 
58 :t 1 6  44 :t 5 
nd 40 :t 7 
47 :t 9 30 :!: 1 9  
35 :t 6 22 :t 4 
26 ± 9 na 
22 : 1 30 :1: 0 
37 :t 7 30 :!: 9 
20 ± 4 na 





1-X � w 
� 








0 0 0 1980 
• I I I I ... ' ..... \ \ 
...... . ' .. 











DISTRIBUTION OF MIREX AND TOTAL PCBs IN LAKE ONTARIO CORES. 
The dashed line in each case is the distribution predicted from a model, based on total 
sales figures for the compounds. The solid curve for mirex is the distribution expected 
for a pulse entering the lake around 1 970. 
Source: Reference (1 91 ). 
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TOTAL PCBs VERSUS SEDIMENT DEPTH IN CORE (BOTTOM AXIS) AND 
SEDIMENT AGE (TOP AXIS). 
Sales figures for PCBs (from Reference (244)) are superimposed (right axis) . 
Source: Reference (243). 
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SEDIMENT DEPTH (em) 
TOTAL CONCENTRATION OF Dl- THROUGH HEXACHLOROBENZENES VERSUS 
DEPTH IN SEDIMENT CORE (BOTTOM AXIS) AND APPROXIMATE 210Pb DATING 
(TOP AXIS). 
Starred sections were freeze-dried prior to analysis, so data for these sections 
represent minimum values due to possible volatilization losses. Total U.S. production 
figures for mono- through hexachlorobenzenes (from References (261 ) and (262)) are 
superimposed (right axis) . 
Source: Reference (243) . _ 272 _ 
Long-term trends  i n  trace metal  contami nati on are not a s  we l l defi ned . 
Mudroch  ( 249)  exami ned profi l e s of trace meta l s i n  a s eri e s  of  s ed i ment  
cores i n  the  N i agara bas i n .  W i th i n the  i nf l uence  of  the  N i agara R i v e r  
p l ume , s ed i ment concentrat i on p rQfi l e s of z i nc , l ead , c hromi u m ,  copp e r ,  and 
mercury a l l e xh i b i ted s u bs tanti a l  dec l i ne s , mos t l y  wi th i n  the  top 1 0  em . 
A l though s ed i ment core dati ng was not attempted on thes e  s amp l es ,  one 
s tati on coi n c i ded wi th  that of Durham and O l i ve r  ( 243 ) . Based on the i r 
2 1 0Pb d at i ng ,  t he se  decreas e s  appear to have begun i n  the  1 960s and , for 
mos t  metal s ,  i n  part i c u l ar mercury ,  are conti n u i ng to date . 
One s ed i ment core was obtai ned approxi mate l y  40 km northwe s t  of the  
ri v e r  mou th and , based on the  resu l ts of Mudroch  ( 249) , appeared to be  
beyond  the  d i rect  i nf l uence  of  the  N i agara Ri v e r .  Sed i ment concentrati on 
profi l es at  t h i s s tati on d i ffered from tho s e  prev i ou s l y  d e s c r i bed . N e i ther 
l ead nor z i nc  exh i b i ted any decrea s e  i n  concentrati on at th i s stati on and , 
i n  fac t ,  may b e  i ncrea s i ng  s l i gh t l y  whi l e  copper , c h romi um and mercury 
e x h i b i ted  no percepti b l e tren d . Furthermore , s ed i ment concentrati ons  at 
t h i s s i te were h i gher than those  wi th i n the  p l ume area , s ugge s t i ng 
a l ternat i v e  source s . 
Trends  i n  B i o l ogi c a l  Effects  of Contami nants  
Desp i te  reduct i ons  i n  l ev e l s of many trace  organ i c  contami nants  
throughout Lake Ontari o ,  the  potent i a l  for adverse  e ffec ts  on �he  e cosy s tem 
remai n s  h i gh .  Ove r  400 i nd u str i a l l y  deri v ed compoun d s  have been  i dent i fi ed 
i n  the  Lake Ontari o ecosys tem ( 2 64 ) ; 6 1  are known or s u spected  of c au s i ng 
adverse  effects  i n  mamma l s or on human hea l th  ( 265 ) . For many of the  400 
compou nd s , no c r i teri a ,  s tandards or g u i d e l i n e s  ex i s t ; howeve r ,  the  
e x i stence  of s uch  c r i teri a does not guarantee any s afeguard agai n s t  the  
synergi s t i c effects  resu l t i ng from the  mu l t i p l i c i ty of compounds  i n  the  
env i ronment .  
I n  a recent  l i terature rev i ew on the  effects  of pers i s tent  tox i c 
s u b s tances  on Great Lakes b i ota , i t  was con c l uded that the  ro l e of  tox i c 
s u b s tances  i n  affecti ng  the  hea l th  of the  Great Lakes ecosystem was poor l y  
unders tood ( 250) . Few s t ud i e s  have b een undertaken to a s s e s s  the  effects  of 
these  compound s on the  s tructural  and funct i ona l  prope rti e s  of Great Lake s 
aquati c  commu n i t i e s . Further , on l y  a l i mi ted number of spec i fi c  pers i stent  
tox i c s u b s tances  h av e  been  a s s es s ed by  i n  s i tu or l aboratory s tu d i e s  for 
the i r effects  on Great Lakes  b i ota ( 250) , de sp i te  the  fact that , i n  1 97 6 , i t  
was recommended to the  I J C  that res earch be  i n tens i fi ed to determi ne  the  
pathways , fate and effects  of tox i c s u b s tances , a recommendat i on 
i ncorporated i nto Annex  1 2  of the  1 978  Agreement . 
Des p i te the  l ac k  of concerted res earch i nto th i s area , e v i dence  
suggests  that  contami nant l ev e l s i n  spec i fi c  nears hore areas are  of  
suffi c i ent  magn i tude  to c au s e  adverse  effects  on the aquati c ecosystem . 
Dutka et  a l . ( 25 1 ) ,  u s i ng s ev eral  mi c rob i o l og i c a l , b i ochemi c a l  and b i oa s s ay 
te st s , i dent i fi ed ten  areas of potenti a l  water qua l i ty concern a l ong the  
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FIGURE 1 00. MIREX CONCENTRATION VERSUS SEDIMENT DEPTH IN CORE (BOTTOM AXIS) 
AND SEDIMENT AGE (TOP AXIS) . 
Mirex sales (from Reference (263)) are superimposed (right axis) . 
Source: Reference (243) . 
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FIGURE 1 01 .  TOTAL CHLOROTOLUENES (2,4,5-TCT + 2,3,6-TCT), OCTACHLOROSTYRENE, 
AND HEXACHLOROBUTADIENE CONCENTRATION VERSUS SEDIMENT DEPTH 
IN CORE AND DATE. 
Starred sections represent minimum values. All concentrations in ng/g. 
Source: Reference (243) . 
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1 .  Rouge  R i ver  mouth . 
2 .  Toronto area around the  Mai n STP outfal l .  
3 .  Cataraqu i  R i ver  mouth . 
4 .  M i mi co Creek mouth . 
5 .  Port  Da l hou s i e .  
6 .  Etobi coke Creek mouth . 
7 .  Cred i t  R i ver  mouth . 
8 .  S u n nys i de Beach i n  Toronto . 
9 .  H umber  Ri ver  mouth . 
1 0 .  Bay of Qu i nt e  n ear the  Be l l ev i l l e  STP outfal l .  
When s ed i men t  effec ts  were con s i dered a s  we l l ,  the  areas of h i gh  pr i ori ty 
con c ern were : 
1 .  H umber Bay i n  the  v i c i n i ty of the  Humber STP outfal l .  
2 .  M i mi co Creek mouth . 
3 .  Cred i t Ri ver  mouth . 
4 .  Bay of Qu i nte  n ear the  Be l l ev i l l e STP outfa l l .  
No attempt was made to corre l ate  effects  wi th env i ronmen ta l  l ev e l s of 
pol l utant s , nor wou l d  such characteri zati on  l i ke l y  prov i d e mean i ngfu l 
corre l ates  due  to the  extreme d i ffi cu l ty i n  determi n i n g  c au s e-effec t  
re l at i on s h i p s  at the  l ow l ev e l s of contami nants  e n countered i n  the  
env i ronment ( 252 ) . 
Recent  s u rv eys a l so  demons trated a h i gh i nc i dence  of  n eop l asms  and  
tumors i n  f i s h  from Lake Ontari o .  I n  1 982-83 , 52% of carp-go l dfi s h  hybri d s  
i n  H ami l ton Harbour exh i b i ted gonoda l  tumor s , s i mi l ar t o  t h e  60% rate o f  
i nc i dence  reported i n  1 97 5  ( 253 ) . The  i n c i dence  o f  l i p  n eop l a sms ( l i p 
papi l l omas )  i n  brown bu l l head s from the  harbour appears  to have d e c l i n ed 
from 80% i n  1 97 3-76 to 25% i n  1 983 . On a l akewi de  bas i s ,  l i p  papi l l omas i n  
wh i te s uckers ranged from an i nc i dence  of 6 to 62% i n  1 98 1 -83 , wi th  
preva l en c e  i nc reas i ng i n  the  v i c i n i ty of urban areas  ( F i g .  1 02 )  ( 224) . 
The i mp l i cat i on s  of  i n creased  papi l l oma frequ ency are unknown . Surveys  
conducted by the  Great Lakes Laboratory for F i s heri e s  and  Aquati c S c i e n c e s  
have d emon s trated t h a t  papi l l omas a r e  pre s e n t  i n  mos t  Great Lake s whi te  
s ucker popu l at i on s  and  that the i r p reva l en c e  may be  i n f l u e n c ed by s evera l  
factors ,  i nc l ud i ng c h emi ca l  or  b i o l og i ca l  age n t s  re spon s i b l e for c e l l 
prol i ferat i on , the  presence  or absence  of an i ntermed i at e  v i ra l hos t ,  
probab i l i ty o f  transmi s s i on due  to d i fferences  i n  popu l at i on den s i t i e s , or 
pos s i b l y  redu ced res i s tance  of s t re s s ed popu l at i on s . 
Wh i l e  spec i f i c  cau s e-effect  re l at i on s h i p s  between  env i ronmenta l  
contami nants  and  fi s h  carci nomas are  poor l y  unders tood , the se  s t ud i e s  
s uggest  that expos ure  o f  f i s h  t o  l ow concen trat i on s  of s everal  hund red tox i c 
contami nants  i s  d i s rupt i ng phys i o l og i ca l  and b i ochemi ca l  func t i on s  and  
cau s i ng nonadapt i v e patho l og i ca l  change s . Detec t i n g  trend s i n  thes e 
effec t s , however , ha s  been  comp l i cated by l ack of a con s i s te n t  data bas e .  
The mos t  con s i s t en t l y  mon i tored b i o l og i c a l  parameter o f  contami nant  
e ffect  from 1 974 to  1 983 has  been  the  reproduct i ve  s u c c e s s  of herri n g  gu l ls ,  
i . e .  the  number of young  produced  per pai r of n es t i ng  adu l t s .  F rom at l ea s t  
1 972-75 , reprod u ct i ve s u c c e s s  was b e l ow 0 . 2  young  per pai r ,  i . e .  n o t  enough 
to mai n ta i n the  popu l at i on s i ze ( Tab l e 1 02 ) . Th i s l ow reproduct i ve  rate was 
- 275 -
Lake Ontario 
FIGURE 1 02. LIP PAPILLOMAS IN WHITE SUCKERS. 
Source: Reference (224). 
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N =  177 
due p ri mari l y  to eggs fai l i ng to hatch  and a h i gh rate of embryo n i c 
morta l i ty ( 254) . S i n c e  1 97 7  reproduct i v e  s u c c e s s  has  been  wi th i n or  abov e 
the 0 . 8  to 1 . 3 young  per  pai r range that i s  con s i dered norma l ( 25 5 ) . 
Emb ryon i c morta l i ty has  decreased  great l y  and hatch i ng  s u c c e s s  i s  norma l . 
Trends  i n  b i ol og i c a l  parameters of dou b l e-cres ted cormorants  on Lake 
Ontari o have been more  dramat i c than i n  herri n g  g u l l s .  I n  the 1 950s , 1 960s 
and  ear l y  1 970s , the cormorant popu l at i on of Lake Ontari o was d e c l i n i ng and 
there had been no known product i on from any Canad i an co l on i e s  for 24  years 
( 2 5 6 ) . I n  1 97 1 , the  popu l at i on was l ow ,  egg s h e l l s  were 24% t h i n ner  than 
normal and  reproduct i v e  s u c c e s s  was zero ( Ta b l e 1 03 ) . S i n c e  1 978  the  
popu l at i on of  Canad i an Lake Ontar i o co l on i e s has  s hown an average annua l  
i nc rea s e  of 1 05% per year , eggshe l l  th i n n i ng  has  i mproved from over  24% to 
approx i mate l y  6% and reproduct i v e  s u c c e s s  has  gone from zero to at l east  1 . 4 
young  per pa i r ( Tab l e 1 03 ) . The  s tart l i ng i mprovement  i n  the se  b i o l og i c a l  
parameters of doub l e-c re s ted cormorants i s  occurri ng  throughout the  Great 
Lakes . T h i s recovery i s  attri buted pri mari l y  to the decrease  i n  DOE l ev e l s 
i n  the i r egg s and  the  s u b s equent  i mprov ement  i n  egg s h e l l t h i ckn e s s  and , 
hence , reproduct i v e  s u c c e s s .  
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TABLE 1 02 
REPRODUCTIVE SUCCESS ( number of young  rai s ed /pai r of n e s t i ng  adu l t s )  
OF H ERRING GULLS ON THR E E  LAKE ONTARIO I S LANDS , 1 972-1 984 
SCOTCH BONN ET SNAKE/ W .  BROTH ERS* 
YEAR MUGG • s I S LAND I S LAND I S LANDS 
1 97 2  0 .  1 2  0 . 1 8  
1 973  0 . 1 2* 
1 974 
1 975  0 . 1 5  
1 97 6  
1 977  1 . 52  1 . 1 0  1 . 0 1  
1 978  1 . 47 1 .  0 1  0 . 86 
1 979  1 . 56  1 . 60 
1 980 1 . 49 
1 98 1  1 . 40 2 . 1 4 1 .  73  
1 982 
1 983 1 . 34 
1 984 1 . 1 7  
* S u c c e s s  determi ned  on  n earby We st  Brothers  I s l and . 
Sou rce :  Referen c e  ( 22 2 ) . 
TABLE 1 03 
BIOLOGICAL PARAMETERS OF DOUBLE-CRESTED CORMORANTS N ESTI NG I N  
T H E  CANADIAN WATERS OF LAKE ONTARIO , 1 950 - 1 98 1  
NO . KNOWN EGGSHELL REPRODUCTIVE 
Y EAR N ESTING PAI RS THICKN ESS C mm)  % TH I NN I NG SUCCESS 
1 950 1 84 NA NA NA 
1 954 50 + NA NA >0 . 1 2  
1 957 0 0 0 0 
1 97 1  1 9  0 . 327 24 % 0 
1 974 1 0  No eggs s u rv i ved  0 
1 973  3 II II II 0 
1 974 0 0 
1 975  0 0 
1 97 6  0 0 
1 977  0 0 
1 978  1 0  0 . 1 3  
1 97 9  40 1 . 2-1  . 3 
1 980 99 0 . 9- 1 . 7  
1 98 1  1 80 0 . 401 6 . 5  % 1 . 4- 1 . 5 
1 982 1 75 NA NA 1 . 3-1 . 6 
Sou rc e s : References  ( 241 , 25 6 ) . 
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Glossary 
MEASUREMENT UNITS 
Thi s report u s e s  the  Sys t eme i ntern at i ona l  d ' un i te s , a l s o  c a l l ed the  
metri c sys tem .  The  fo l l owi ng  symbo l s and convers i on fac tors  are presented for 

















,m3 I s  
m3 /d 
t / a  
cm/ s 
km/d 
llg / g  




mg/ L  
llg / L  
n g / L  
g/m2 •d  
g/m2 • a  
mg ll•a  
llg/ L•d  
llg / L• a  
llS /a  
metre 
1 i tre 
gram 
ton n e  
day 
year 
s i eme n s  
ki l ogram , 1 0 3 grams 
mi l l i gram , 1 0- 3  grams 
mi c rogram , 1 0- 6 grams 
nanogram , l 0- 9 grams 
cent i metre , 1 0-2  metres 
mi l l i l i tre , l 0- 3  l i tres  
s q uare ki l ometre 
c u b i c k i l ometre 
c u b i c metres per s econd 
c ub i c metres per day 
tonne s  per year 
cent i metres per s econd 
ki l ometres per day 
CONVERSIONS  
1 m = 3 . 28 1  feet 
1 L = 0 . 2 642 g a l l on s  ( U . S . )  
1 , 000 g = 1 kg = 2 . 205 pounds  
1 t = 2 , 205 pou n d s  
S = 1 mho 
mi c rogram per gram part per  mi l l i on 
nanogram per gram part per  b i l l i on 
mi l l i gram per ki l ogram part per  mi l l i on 
mi crogram per k i l ogram part per  b i l l i on 
nanogram per ki l ogram part per tr i l l i on 
mi l l i gram per l i tre part per mi l l i on 
mi crogram per l i tre part per b i l l i on 
nanogram per l i tre part per  tr i l l i on 
grams per s quare metre per day 
grams per s quare metre per year 
mi l l i grams per l i tre per year 
mi c rograms per l i tre per day 
mi c rograms per l i tre per year 
mi c ros i emens  per year 
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G l o s s ary - cont • d .  
ACRONYMS AND OTH ER TERMI NOLOGY 
AFDW 
Agreeme n t  
BHC 
BNL 
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Tota l  N 
Tota l P 
USGS 
VHOD 
A s h  free dry we i gh t  
Great Lakes Water Qua l i ty Agreeme n t  
1 , 2 , 3 , 4 , 5 , 6-hexac h l orocyc l ohexan e ;  l i ndane  
Benth i c n eph e l oi d l ayer 
Ch l orophy l l g 
Chemi c a l  oxygen  demand 
Compo s i te  troph i c  i ndex  
Canad i an  W i l d l i fe Serv i c e  
D i c h l orobenzotri fl uori de  
Di c h l orod i phenyl  d i c h l oroethane 
Di c h lorod i ph enyl d i ch l oroethyl ene  
D i c h l orod i phenyl tri c h l oroethane · ­
Departme n t  of Envi ronmenta l  Con s ervat i on 
Departme n t  of F i s h eri e s  and Ocean s 
Data I nt e rpretat i on  Group  
Departme n t  of the  Envi ronmen t  
Env i ronmenta l  Protect i on  Agency 
Great Lakes I nternat i on a l  Surv e i l l an c e  P l an 
Hexac h l orobenzene 
Hexac h l orobutad i ene  
I nternat i ona l  F i e l d Year  for the  Great Lakes 
I n ternat i ona l  Joi n t  Commi s s i on 
Lake Ontari o Nutri ent  A s s e s sment Study 
M i l l i on ga l l on s  per day 
Mi n i s try of the  Env i ronmen t  
Mi n i s try of Natural  Resources  
Ammoni a 
N i tr i te 
N i trate 
N i agara R i ver  Tox i c s  Commi ttee  
Nati ona l  Water  Res earch I n s t i tute , Canada DOE 
Octach l oros tyren e  
Pol ynu c l ear aromati c  hyd rocarbon 
Pol ych l or i n ated b i ph enyl s 
Pen tach l orophenol  
Po l l ut i on from Land Use  Act i v i t i e s Reference  Group 
Parti c u l ate  organ i c carbon 
Parti c u l ate  organ i c  n i trogen 
S ewage t reatmen t  p l ant  
Seasonal l y  wei ghted mean b i oma s s  
( 2 , 4 , 5-tri c h l orophenoxy) ac et i c ac i d 
Toronto Area Waters hed Managemen t  Study 
tr i c h l orod i phenyl  d i c h l oroethane 
Tota l  d i s so l ved so l i d s 
Tota l  N i t rogen 
Tota l  Phosphorus  
Un i ted States  Geol og i ca l  Survey 
Vol umetri c hypo l i mn i on oxygen  dep l et i on 
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